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For over two hundred years, the 
Kwakiutl Indians of Vancouver Island 
have continued 
the tradition 
of the potlatch. 
POTLATCHES, elaborate and flamboyant 
celebrations which commemorate 
Significant events in the life of a family, 
are occasions of opulent hospitality and 
luscious cuisine. They are also 
reinforcements of the host family’s 
status. Spectacular works of art, 
including stunning masks and lavishly 
decorated dishes and bowls used for 
feasting as well as expensive gifts for 
distribution to guests, are created for 
these affairs as displays of wealth. 

ALDONA JONAITIS, one of the world’s 
foremost experts on Northwest Coast 
Indian Art, has assembled a team of 
noted experts who, through thoughtful 
essays, reconstruct a participant's view 
of a nineteenth century potlatch, trace 
the history of the potlatch from its early 
flourishing years through its outlawing in 
1885 to the repeal of the anti-potlatch 
law in 1951, describe a contemporary 
potlatch, and tell about the remarkable 
George Hunt who collected the 
magnificent objects of Kwakiutl art for 
the American Museum at the turn of the 
century. 

> Over 100 color photographs feature 
the magnificent collection of Kwakiutl art 
assembled in the late nineteenth and 
early twentieth centuries. 
> More than 80 nineteenth century 
duotone photographs of Kwakiutl villages 
and potlatch ceremonies place the 
regalia in context. 
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TO ORDER send check or money order for $60.00 inc luding shipping 
and handling within the United States and Canada to the Member’ Ss 
Book Program, American Museum of Natural History, Central Park 
West at 79th Street, New York, NY 10024. 
Or call toll-free, 1-800-437-0038 for Visa and MasterCard orders. 
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NATURE’S INFINITE BOOK ose fe 

Pearl Harbor and the 
Emperor’s Physiologists 
Our ability to feel comfortable in hot climates depends 
on where we spent the first few years of childhood 

by Jared Diamond 

Japan’s attack on Pearl Harbor: fifty 
years ago illustrates dramatically, in the 
political sphere, how conditions during a 
brief but critical time span can launch 
irreversible developments. Two hours of 
bombing forged an American determina- 
tion for war that several previous years of 
distant events had not produced. If our 
fleet had been placed on top alert as soon 
as our radar and the destroyer SS Ward 
had detected the oncoming attack, our 
battleships might have suffered much less 
damage. In that case they might have 
thwarted Japan’s invasion of the Philip- 
pines and Indonesia, and the Pacific war 
would have ended quickly. If, on the other 
hand, the Japanese attackers had de- 
stroyed our aircraft carriers, docks, and 
fuel tanks, along with our battleships, we 

would have been unable to defend New 
Guinea or Guadalcanal. Japan’s position 
might then have proved impregnable, de- 
spite our much greater industrial output. 
Thus, the Pearl Harbor attack virtually 
insured that there would be a Pacific war, 
that it would be a long one, and that Japan 
would ultimately lose it. 

Biologists, too, have come to appreciate 
that exposure to certain stimuli during a 
sensitive time span may create irreversible 
effects. Critical-period programming, as it 
is termed in biology, forms an intriguing 
middle ground between two better-known 
extremes: irreversible genetic program- 
ming of our bodies and repeated, revers- 
ible programming throughout life. This 
month’s fiftieth anniversary of the attack 
on Pearl Harbor provides a good occasion 
for consideration of critical-period pro- 

gramming, because Imperial Japan’s 
physiologists contributed decisive insights 
to that field of science during the course of 
Japan’s overseas expansion leading to 
Pearl Harbor. 

The example that I'll discuss involves a 
phenomenon familiar to all of us from 
experience: our individually varying toler- 
ance of heat and cold. If you observe your 
friends on a cold winter day, you’ll notice 
that some are shivering, while others, simi- 
larly dressed, appear comfortable. Such 
differences between husband and wife are 
notorious for provoking “battles of the 
bedroom” over how hot to set the thermo- 
stat or whether to open the windows. In 
summer you can see how people differ in 
their tolerance of heat. Among a group of 
your friends, some will be wilting, while 
others are comfortable; some will be 
drenched in sweat, while others are 
scarcely sweating at all. 

These individual differences began to 
impress Japanese physiologists in the 
early twentieth century. Until Commo- 
dore Perry “opened” Japan in 1853, the 
Japanese, a remarkably homogeneous 
people, were confined to the modest range 
of climate in their home islands. With 
Japan’s acquisition of tropical Taiwan 
(1895), the tropical Marianas and Caro- 
line Islands (1914), and cold Manchuria 
(from 1905 onward), the Japanese be- 
came exposed to a much wider range of 
climates and peoples. Japanese civilian 
study of climatic physiology was pio- 
neered by Yas Kuno, a great physiologist 
who did research at the Medical College _ 
of Manchuria from 1911 to 1935 and then 
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worked in Japan itself. Japanese opportu- 
nities and motivation for study peaked af- 
ter Pearl Harbor; as millions of Japanese 

went overseas to hot or cold battlegrounds, 
Japanese military research groups did ex- 
tensive studies of soldiers, prisoners, and 
civilians. While this wartime burst of re- 
search collapsed cataclysmically within a 
few years, Japan’s academic tradition of 
climatic physiology resumed after the 
war. Some of the resultant knowledge 
helps us to understand racial differences 
in human physiology, but much of it 
proves applicable to all humans; it just 
happens that the subjects being studied 
were predominantly Japanese. 

Especially illuminating was the re- 
search of Kuno and his students and col- 
leagues on how our ability to sweat adapts 
to hot climates. As background, recall 
that we humans, perhaps because of our 
sparse body hair, are much better en- 
dowed with sweat glands than are most 
other mammals. These glands serve sev- 
eral functions. Glands on our palms and 
soles keep those surfaces moist, thereby 
improving our grip and our sense of touch. 
Glands in our armpits broadcast odors as 
sexual signals after we reach puberty. 
Many mammals broadcast such odors 
from the area around the genitalia and 
anus, which are positioned at the same 
height above the ground as a quadruped’s 
nose. One may speculate that when hu- 
man upright posture raised our nose high 
above our genitals, secretion of advertis- 
ing odors shifted to the armpits so as to be 
close to nose height. Japanese physiolo- 
gists reported that the capacity for armpit 
sweating correlates racially with the pro- 
fusion of armpit hair: ample in Russians, 
reduced in Japanese, and least in Chinese. 

Apart from the glands in our palms, 
soles, and armpits, sweat glands distrib- 

uted over the rest of our body serve to keep 
us cool by the same principle employed in 
refrigerators: evaporation of a liquid 
(Freon in refrigerators, water in our sweat 
glands) carries away heat. For example, 
evaporation of a pint of sweat lowers the 
body temperature of a 140-pound person 
by about 10° F In the course of an eight- 
hour work shift, Japanese factory workers 
in the summer lost up to twenty-four 
pounds by sweating, while soldiers doing 
heavy work in the tropics sweated at a rate 
of up to one gallon per hour. They thereby 
maintained a constant body temperature, 
despite the heat influx from the surround- 
ing air plus the heat produced by their 
own hard-working bodies. 
When I visited Finland many years ago, 

the human body’s capacity to cool itself by 
sweating was illustrated for me by a vivid 
demonstration that Finns loved to inflict 

on visitors. I was taken into a sauna, which 

is really nothing more than a heated, dry 

room with a bucket of water and a ladle on 

the floor. My friends raised the tempera- 
ture to 260° F (nearly 50° F above boil- 
ing). They professed to love those condi- 
tions—I found them bearable, though 
uncomfortable—but we all sweated pro- 
fusely and thereby maintained body tem- 
perature and survived. To prove that the 
thermometer wasn’t lying, my friends 
cracked an egg on the floor. The egg 
quickly cooked, because it lacked sweat 
glands. When more people entered the 
sauna and it began to feel crowded, some- 
one shouted, “Enemman loyly!” (more 
steam) and threw a ladleful of water onto 
the floor. The room quickly became hu- 
mid, preventing our sweat from evap- 
orating. As our temperatures rose, the less 
hardy souls (including me) staggered out 
of the room, leaving the toughest fanatics 
to enjoy the sauna by themselves. 

If you leave a cold climate for a tropical 
vacation, you can satisfy yourself that 
your capacity to sweat adapts to the new 
conditions over the course of a few days or 
weeks. For a given test exposure to heat, 
people who have acclimatized themselves 
to the heat produce more sweat and begin 
to sweat sooner than those who have not 
had that time. As one example, experi- 
enced workers in hot mines produce about 
three times as much sweat per work shift 
as do beginning miners. The earlier onset 
of sweating is due to greater excitability of 
the brain’s nerve centers controlling 
sweating, while the higher sweat rate in- 
volves adaptation by our sweat glands 
themselves. Still another physiological ad- 
aptation to hot weather is vasodilatation, 
or dilated blood vessels, which increases 
blood flow through the skin and permits us 
to radiate more heat by that route. All 
these adaptations reverse themselves 
shortly after a return from a warm to a 
cold climate. 

In addition to these reversible re- 
sponses, Japanese physiologists also no- 
ticed seemingly fixed differences between 
tropical natives and temperate-zone visi- 
tors to the tropics. You too can convince 
yourself of those differences by compar- 
ing yourself with the natives, even at the 
end of a long vacation that you’ve spent in 
the tropics. In moderately hot weather 
natives remain dry, while we visitors sweat 
profusely, so that our skin and clothes are 
constantly drenched. During my field- 
work in hot Indonesia, I am always sur- — 
prised when my Indonesian colleagues re- 
main comfortable in their long trousers 
and shirts, while I’m shirtless and in shorts 
but still dripping wet. A few years before. _ 
Pearl Harbor, Japanese physiologists 
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quantified this familiar experience by 
comparing responses of Philippine natives 
and Japanese settlers in the Philippines. 
Subjects from each group were tested 
with one leg immersed in a tub of hot 
water. When the water temperature was 
114° E the sweat responses of Japanese 
and native Philippine subjects were simi- . 
lar. But when the water temperature was 
lowered to between 110° F and 112°F 
Philippine subjects showed no sweat re- 
flex, although the Japanese subjects 
sweated as profusely as before. 

In effect, tropical natives are more tol- 
erant of heat than are some temperate- 
zone Visitors and require a stronger stimu- 
lus before they need to begin sweating. 
This may sound paradoxical, since I just 
explained that newly arrived visitors also 
require a stronger stimulus than do heat- 
acclimatized visitors. The resolution of 
this paradox probably involves other ad- 
aptations of tropical natives for reducing 
heat influx or tolerating heat loads and 
thereby not having to live drenched in 
sweat. 

Measurement of sweat’s salt concentra- 
tion revealed a further advantage of tropi- 
cal natives. While all the cooling power of 
sweat arises from its water content, sweat 

also has to contain salt, because our sweat 
glands have no mechanism for secreting 
water itself. Instead, in the first stage of 

sweating, the glands secrete salt, which 
pulls water along by osmosis; in the second 
stage, the glands resorb some of the se- 
creted salt. Salt resorption is much more 
complete in Taiwanese, Thais, and Filipi- 

nos than in Japanese—perhaps because 
tropical natives produce more of the adre- 
nal hormone aldosterone, which regulates 
salt resorption. That adaptation is a big 
plus for them because it minimizes the 
risk of collapsing from salt loss during 
profuse sweating. 

While tropical natives are harder to pro- 
voke into sweating, they can sweat more 
profusely when conditions demand it. It 
turns out that this is simply because they 
have a greater number of functional sweat 
glands. To count the number of glands, 
cover a small area of your skin with col- 
ored oil, then provoke yourself into vigor- 
ous sweating (for example, by drinking a 
big cup of hot tea). The mouth of the pore 
where each gland opens onto the skin’s 
surface can then be located under a micro- 
scope by the gleaming white sweat droplet 
pushed up under the oil. Mapping out 
your functional glands in this way, you'll 
find yourself able to spot the same glands 
at the same location from day to day. 
Extrapolating from a small area of skin to 
the whole body surface, Japanese physi- 
ologists calculated the following average 

6 Narturat History 12/91 

values for total number of functional 
sweat glands per person: 1.4 million for 
the Ainu people of cold Hokkaido Island; 
1.9 million for Russians; 2.1 million for 
Japanese; but 2.4 to 2.8 million for the 
peoples of tropical Thailand, Taiwan, and 
the Philippines. Hence, a major reason 
that tropical natives can remain comfort- 
able under hot conditions is that they have 
more functional sweat glands and can cool 
down faster. 

It’s tempting to assume that the differ- 
ences in sweat gland numbers between 
Japanese and tropical peoples are genetic 
and arose through natural selection. One 
can easily imagine how, in the tropics, 
people born with the most sweat glands 
would be less prone to heat stroke, would 
feel less wiped-out much of the time, and 
so would have more energy to rear babies 
and pass on their genes. In accord with 
this view of genetic determination of 
sweat gland numbers, Japanese immi- 
grants who have lived in the tropics as 
adults for decades still have fewer func- 
tional sweat glands than do tropical na- 
tives. 

But a beautiful set of observations by 
Japanese physiologists exploded this ap- 
pealing interpretation. Especially during 
the years between the world wars, there 
was much flow of emigrants and re-immi- 
grants between the Japanese homeland 
and the Asian and Pacific tropics. Japa- 
nese settlers emigrated to the tropics at 
various ages, gave birth to children in the 
tropics, and some of those children re- 
turned to Japan at various ages. The 
physiologists found that the number of 
functional sweat glands in tropical-born 
Japanese rivaled the high numbers in 
tropical natives! Conversely, Japan-born 
Japanese who emigrated to the tropics as 
children and remained there for decades 
retained the low sweat gland count of life- 
long residents of Japan. Evidently, our 
number of functional sweat glands is not 
immutably fixed by our genes but is in- 
stead fixed by the climatic conditions that 
we experience very early in life. 

The explanation for this remarkable re- 
sult emerged from heroic studies carried 
out by the physiologists Korehiro Ogata 
and Aikoh Kawahata in the years just 
before Pearl Harbor. Ogata sat for an 
hour in a hot chamber at 113° F until his 
sweat was flowing profusely onto the floor. 
He then used a microscope to measure the 
number of functional sweat glands in a 
small area of his skin (by counting the 
gleaming sweat droplets under the colored 
oil). Finally, he cut off that piece of his 
skin, fixed it for histological examination, 
and counted up the actual number of 
sweat glands. He found that the actual 

number of glands exceeded the number of 
functional ones producing sweat droplets. 
That is, many of his sweat glands never 
saw action, even though they were identi- 
cal in appearance to the functional glands. 

Other studies had shown that sweat 
glands begin to form in the human fetus at 
about the fourth or fifth month of gesta- 
tion. At about seven months of gestation, 
the glands can already be stimulated into 
secreting by injecting a suitable drug. 
However, infants cannot yet sweat in re- 
sponse to heat (as opposed to drug injec- 
tions) on the day of their birth. Instead, it 
takes from two to eighteen days for most 
babies to start to develop a sweat reflex. 
Kawahata therefore exposed Japanese ba- 
bies and adults of various ages to heat, 
counted the number of functional sweat 
glands in 60 to 100 areas of skin distrib- 
uted over the whole body, and added up 
each person’s total number of functional 
sweat glands. That number gradually in- 
creased up to the age of two or three years 
and then remained constant through 
adulthood. 

Putting these and other studies to- 
gether, we arrive at the following formula- 
tion. All of us are born with roughly the 
same actual number of sweat glands, none 
of which respond to heat at birth. That 
response depends on nerve reflexes, 
through which a center in the brain re- 
ceives sensory information about heat and 
then uses that information to send out 
signals on motor nerves controlling the 
sweat glands. Those reflex arcs become 
functional through use resulting from ex- 
perience of hot conditions—but only dur- 
ing the first few years of life. The hotter 
the conditions under which we grow up, 
the greater the number of our sweat 
glands that get programmed to function. 
By age two or three, the programming is 
as complete as it ever will be. If we grow 
up in a hot climate, most of our. glands 
become activated, and for the rest of our 
lives we'll be able to stay comfortable in 
hot weather by sweating profusely. If we 
grow up in a cold climate, our body soon 
decides that that’s what it will be like until 
we die, and barely more than half our 
glands become programmed. 

In the jargon of modern biology, sweat 
gland function is fixed irreversibly by crit- 
ical-period programming—that is, by con- 
ditions prevailing at a certain critical age, 
usually early in life. Well-known examples 
of this phenomenon abound in the field of - 
animal behavior. For example, the great — 
ethologist Konrad Lorenz got goslings to 
follow him around as if he were their 
mother, because goslings are born with a 
mental program telling them to follow the. _ 
large moving object that they see within a 



short critical period after they hatch. Nor- 
mally that object is their mother, but gos- 
lings can become programmed to follow 
Konrad Lorenz or another large moving 
object if it appears first. 

Critical-period programming has been 
identified for many other human traits 
besides sweat gland function. Neurophysi- 
ological examples include our ability to 
see and speak. People born with a mechan- 
ical impediment to sight that can be cor- 
rected surgically cannot learn to interpret 
the normal range of visual information if 
the correction is postponed until after a 
certain point in childhood. Again, people 
deprived of the opportunity to learn lan- 
guage in childhood—like the famous wolf 
boy of Aveyron—do not master language 
if exposed to it late. Those of us who do 
learn to speak generally acquire much bet- 
ter pronunciation in a language that we 
learn as young children than in a language 
that we first study as adults. Evidently, 
our neural pathways for handling visual or 
linguistic information become pro- 
grammed early. A corresponding behav- 
ioral example is the molding of our sexual 
preference: as children we form uncon- 
scious search images, modeled on the peo- 
ple we then see around us, that will influ- 
ence which potential sex partners are most 
attractive to us as adults. 

Thus, our bodies respond to our environ- 
ment or life style with several possible 
levels of flexibility. Most flexible are body 
features that we can change any number 
of times as adults—such as our muscle 
strength, which waxes and wanes with ex- 
ercise. Least flexible are genetically fixed 
attributes, such as eye color, which we not 
only cannot change ourselves but also pass 
on unchanged to our offspring. For such 
inherited traits, a rut from which we can 
never swerve is selected for us at the mo- 
ment of conception. 

Critical-period programming offers an 
intermediate level of flexibility. We end 
up ina rut, yet that rut isn’t selected for us 
until after conception. Hence our rut can 
be matched to current conditions around 
us—unlike the case for an inherited trait, 
which is matched only to average condi- 
tions faced by our ancestors over many 
generations of natural selection. If we 
move later in life to a different environ- 
ment, we ourselves can’t change. But at 
least our children will be as well 
adapted—in pronunciation, sweating abil- 
ity, and some other respects—as children 
whose ancestors have resided there for 
many generations. 

Jared Diamond studies physiology and 
evolutionary biology at UCLA Medical 
School and works in the hot tropics. 
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The Smoking Gun of Eugenics 
Should we—can we—take a kindly view toward a hero's faults? 

by Stephen Jay Gould 

Do Baptist preachers cause public 
drunkenness? I raise this unlikely inquiry 
because an old and famous tabulation 
clearly shows a strong positive correlation 
between the number of preachers and the 
frequency of arrests for inebriation during 
the second half of the nineteenth century 
in America. 

You don’t a need Ph.D. in logic to spot 
the fallacy in my first sentence. Correla- 
tion is not causality. The undeniable asso- 
ciation of preachers and drunks might 
mean that hellfire inspires imbibing, but it 
could also, and more reasonably, suggest 
that a rise in public drinking promotes the 
hiring of more preachers. As another pos- 
sibility—almost surely correct in this par- 
ticular case—preaching and drinking 
may have no causal relationship, and their 
simultaneous increase may only reflect a 
common link to a third, truly determining 
factor. The steady rise of the American 
population during the late nineteenth cen- 
tury promoted an increase in thousands of 
phenomena linked to total numbers but 
otherwise unrelated—arrests for drinking 
and hiring of clergy, for example. This tale 
has long served as the standard textbook 
example for illustrating the difference be- 
tween correlation and causality. 

But good principles can also be used to 
buttress bad arguments. I have often 
stated in this forum that only great think- 
ers are allowed to fail greatly—meaning 
that their errors, although large in scope 
and import, are invariably rich and in- 
structive rather than petty and merely 
embarrassing. This essay treats the two 
greatest errors of the twentieth-century 
patron saint in my profession of evolution- 
ary biology. 

Most general readers may not know the 
name of Sir Ronald Aylmer Fisher 
(1890-1962), for he wrote nothing for 
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nonprofessional consumption, and the 
highly mathematical character of his 
technical work bars access to many full- 
time naturalists as well. But no scientist is 
more important as a founder of modern 
evolutionary theory, particularly for his 
successful integration of Mendelian ge- 
netics with Darwinian natural selection. 
Fisher’s 1930 book, The Genetical Theory 
of Natural Selection, is the keystone for 
the architecture of modern Darwinism. 
Fisher built with mathematics, and most 
biologists will say (although I would dis- 
agree in important respects) that the field 
he founded—population genetics—is the 
centerpiece of evolutionary theory. Fisher 
was also one of the world’s most distin- 
guished statisticians; he invented a tech- 
nique called the analysis of variance— 
now about as central to statistics as the 
alphabet is to orthography. In short, 
Fisher is the Babe Ruth of statistics and 
evolutionary theory. 

But the Babe also struck out a lot, and 
Fisher made some major-league errors. 
Most of my colleagues know about the two 
key mistakes that I will analyze in this 
essay, but they just aren’t discussed in 

polite, professional company. One is dis- 
missed as an inconsequential foible of 
Fisher’s old age, while the other is by- 
passed in silence, although it occupies 
more than one-third of Fisher’s most im- 
portant 1930 book. 

During the last half dozen years of his 
life, Fisher spent considerable time and 
several publications trying to debunk the 
idea that smoking causes lung cancer. Sir 
Ronald, who enjoyed his pipe, did not 
deny that a real correlation between smok- 
ing and lung cancer had been found. But 
following the textbook paradigm of 
preachers and drunkards, he disputed the 

claim that causation ran directly from 

smoke to cancer. He presented the two 
other logical possibilities, just as the texts 
always do for Baptists and boozers. First, 
cancer might cause smoking rather than 
vice versa. This inherently implausible 
version seems hard to defend, even as an 
abstract argument for the sake of conjec- 
ture, but Fisher found a way. 

As a smoker, Fisher extolled the sooth- 
ing effects of tobacco. He also recognized 
that cancers take years to develop and that 
future sufferers live for several years in a 
“precancerous state.” He supposed that 
lungs might be chemically irritated during 
this precancerous phase, and that people 
so afflicted might increase smoking for 
psychological relief from an unrecognized 
physical ailment. A bit strained, but not 
illogical. Fisher wrote in 1958: 

Is it possible, then, that lung cancer—that 
is to say the pre-cancerous condition which 
must exist and is known to exist for years in 
those who are going to show overt lung 
cancer—is one of the causes of smoking 
cigarettes? I don’t think it can be excluded. 
... The pre-cancerous condition is one in- 
volving a certain amount of slight chronic 
inflammation.... A slight cause of irrita- 
tion—a slight disappointment, an unex- 
pected delay, some sort of mild rebuff, a 
frustration—is commonly accompanied by 
pulling out a cigarette, and getting a little 
compensation for life’s minor ills in that 
way. And so anyone suffering from chronic 
inflammation in part of the body (some- 
thing that does not give rise to conscious 
pain) is not unlikely to be associated with 
smoking more frequently, or smoking 
rather than not smoking.... To take the - 
poor chap’s cigarettes away from him 
would be rather like taking away his white’ 
stick from a blind man. 

But Fisher recognized that the second 
alternative explanation for the correlation 
of smoking and lung cancer—the associa- __ 
tion of both, independently, with a truly 



American Museum of Natural History 

Trans-Siberia 
Soviet Far East to Moscow by Luxury Private Train 

June 9-26, 1992 

The legendary Trans-Siberia, the world’s longest rail line, was the Czar’s main link 
between the Far East and Europe across the vast Russian Empire. With a team of fas- 
cinating lecturers, come aboard the Russia, a luxury train exclusively chartered for 12 
days by the AMNH. The Russia boasts three fine restaurants, each featuring a different 
type of authentic regional cuisine. Public spaces and each private cabin are exception- 
ally comfortable due, in part, because the Trans-Siberia is a wide gauge railroad 
affording extra space. 

This historic journey features dramatic scenery and plenty of time to explore an- 
cient cities, traditional Russian villages and areas of great natural beauty. You will 

explore the Russian Republic’s entire length at a time "when history is in the making." 
Join us! Highlights include: 

Ulan Bator, Mongolia, founded in 1639 as the residence of the Mongolian Dalai Lama. 

Magnificent Lake Baikal, the deepest and most biologically diverse lake in the world. 

Landscapes of rugged snow-capped mountains, vast Siberian forests and barren steppes. 

Moscow, an ancient city with such architectural wonders as St. Basil’s Cathedral and the extraordinary cathedrals 

and palaces of the world-renowned Kremlin. 

Sakhalin Island, a mountainous, forested island off the Pacific coast of Siberia. 

Vladivostok, the newly-reopened site of the Soviet Union’s main Pacific naval fleet. 

Khabarovsk, a picturesque city across the Amur River from the northern plains of China. 

Novosibirsk, founded as a settlement for railroad workers and now a city of colorful markets and historic 

monuments. 

Numerous tiny, remote, Siberian towns built along the railroad. 

Optional extension to St. Petersburg (Leningrad) available. 

For more information contact: 

American 
Museum of 
Natural 

B® History 

Discovery Tours 
Central Park West at 79th St. 

New York, NY 10024-5192 

Toll-free (800) 462-8687 

or in NYS (212) 769-5700 

UL ae es ’ 
. \ 3 a 

GOBI DESERT. <~ 
| cae 



causal third factor—held much greater 
plausibility and promise. And Fisher had 
no doubt about the most likely common 
factor—genetic predisposition. He wrote: 
“For my part, I think it is more likely that 
a common cause supplies the explanation. 
... The obvious common cause to think of 
is the genotype.” In other words, genes 
that make people more susceptible to lung 
cancer might also lead to behaviors and 
personalities that encourage smoking. 
Again, the argument is undeniably logi- 
cal; genes may have multiple effects, both 
physical and behavioral. To choose an ob- 
vious example, several forms of mental 
retardation have no causal relationship 
with correlated physical features: short 
stature does not produce retardation (or 
vice versa) in people with Down’s syn- 
drome. 

With the hindsight of an additional 
twenty-five years, we may say conclu- 
sively that Fisher was wrong, and trag- 
ically so. Smoking is a direct and potent 
cause of lung cancer—the reason for hun- 
dreds of thousands of premature deaths in 
America each year. Yet I cannot fault 
Fisher on the logic of his argument: cor- 
relation is not causality, and the bare fact 
of correlation does permit the three causal 
scenarios that Fisher detailed. If Fisher 
had presented his objections to the indict- 
ment of smoking only as a cautionary 
claim in the absence of conclusive data, 
then we could not blame him today. (One 
cannot always be right in our complex 

world; no dishonor attends an incorrect 
choice among plausible outcomes drawn 
from a properly constructed argument.) 
But in Fisher’s case, we have reason to 
question his motives and his objectivity — 
and some judgment for his incorrect con- 
clusion may therefore be exacted. 

Fisher did present his case with the con- 
ventional rhetoric of science. He claimed 
to be both objective in his weighing of 
evidence and agnostic about the outcome. 
He maintained that he had raised the is- 
sue only in a proper scientific spirit of 
caution and love of truth. Fisher made 
three explicit arguments for special and 
scrupulous care in treating such a socially 
charged issue, a potential matter of life 
and death. 

1. Millions of people enjoy smoking. We 
dare not poison the source of their plea- 
sure without conclusive evidence. Fisher 
pleaded for the psychic health of ordinary 
smokers in the elitist language of an Ox- 
bridge don (Fisher was the Balfour Profes- 
sor of Genetics at Cambridge and, at the 
end of his career, president of Gonville 
and Caius College): 

After all, a large number of the smokers of 
the world are not very clever, perhaps not 
very strong-minded. The habit is an insid- 
ious one, difficult to break, and conse- 
quently in many, many cases there would 
be implanted what a psychologist might 
recognize as a grave conflict.... Before 
one interferes with the peace of mind and 
habits of others, it seems to me that the 
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“He couldn't care less about being surefooted.” 
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scientific evidence—the exact weight of 

the evidence free from emotion—should be 
rather carefully examined. 

Writing more forcefully in a letter to 
the British Medical Journal (July 6, 

1957), Fisher compared the claims of 
antismoking forces with the classic case of 
hysteria mongering: “Surely the ‘yellow 
peril’ of modern times is not the mild and 
soothing weed but the organized creation 
of states of frantic alarm.” 

2. If we make a strident claim for smok- 
ing as a cause of cancer, and if we then 
turn out to be wrong, the entire enterprise 
of statistics will be discredited. In a fur- 
ther letter to the British Medical Journal 
(August 3, 1957), Fisher pleaded for cau- 
tion as a protection for science: 

Statistics has gained a place of modest use- 
fulness in medical research. It can deserve 
and retain this only by complete impartial- 
ity.... I do not relish the prospect of this 
science being now discredited by a cata- 
strophic and conspicuous howler. 

3. In situations of uncertainty, we need 
more research above all. Premature con- 
clusions stifle further investigation. In yet 
another letter, this time to Nature, Brit- 
ain’s leading journal for professional scien- 
tists, Fisher wrote (August 30, 1958): 
“Considerable propaganda is now being 
developed to convince the public that cig- 
arette smoking is dangerous.” In his letter 
of August 1957, Fisher had already speci- 
fied the perils of such a campaign: “Exces- 
sive confidence that the solution has al- 
ready been found is the main obstacle in 
the way of more penetrating research.” 

Fisher’s last point backfired strongly on 
him—an ironic illustration of its power 
and truth. Fisher supported his suspicion 
that smoking does not cause cancer with 
two poorly documented sets of data—a 
curious claim that people who inhale show 
less cancer, for the same amount of smok- 
ing, than those who do not inhale; and a 
puzzling contention that lung cancer is 
increasing faster in men than in women, 
whereas smoking has risen more rapidly in 
women. The inhaling data were drawn 
from a very poorly constructed question- 
naire. Most respondents may not even 
have known the meaning of the word in- 
hale and may have checked “no” in sim- 
ple confusion. Later information shows a 
strongly positive correlation of cancer 
with inhaling, when all other factors are 
held constant. As for men versus women, 
Fisher’s argument was sound, but the data _ 
were wrong. The ever-accelerating inci- 
dence of lung cancer in women now ranks 
among the strongest points of evidence for 
a causal connection. 

The basis for a negative judgment of ~ 
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Fisher in this sorry incident emerges not 
from the logic of his argument (which was 
sound, although his conclusion, based on 
inadequate data, was wrong) or from his 
proper words of caution, but from a clear 
inference that he did not live by his own 
stated strictures. Evidently, Fisher did not 
approach the issue of smoking and cancer 
with the open mind that he championed as 
so necessary for any good science. He 
maintained an obvious preference for de- 
nying that smoking causes cancer—even 
though he states, again and again, that the 
raw data of an admitted correlation offer 
no preference for any of the three poten- 
tial interpretations. Two aspects of his 
writing give the game away. First, his lan- 
guage. Just consider the sample quoted 
above. He calls for argument “free from 
emotion” and for “complete impartial- 
ity.” Yet the claim that smoking might 
cause cancer is labeled as “propaganda,” 
probably a “catastrophic and conspicuous 
howler,” and a “frantic alarm” acting as 
the “ ‘yellow peril’ of modern times.” 
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Second, his treatment of limited data 
then available. Fisher accepted, virtually 
without question or criticism, the inade- 
quate but exculpatory data, previously 
cited, on inhaling and incidence in men 
versus women—even though both sets 
would soon be discredited. Fisher then 
showcased some even more dubious data 
supposedly consonant with his favored 
view that both cancer and smoking arise 
independently from a common genetic 
predisposition. Two studies compared the 
smoking behaviors of identical and frater- 
nal twin pairs. Smoking preferences were 
more often shared by identical than by 
fraternal twins. Since identicals form 
from one egg and therefore share the same 
genetic program, while fraternals develop 
from two eggs and are no closer geneti- 
cally than any other pair of siblings, Fisher 
concluded that the greater similarity of 
identicals must indicate a strong genetic 
basis for smoking preferences. 

But this inference is both potentially 
wrong and largely irrelevant to Fisher’s 

argument. First of all, the greater smoking 
similarity of identicals could, at most, in- 
dicate a genetic predisposition in attitudes 
toward the weed; such data say nothing at 
all about genetic bases for cancer or about 
correlation of the two potential predispo- 
sitions. Moreover, Fisher’s data do not 
even prove his basic assertion of genetic 
predisposition for smoking. Fisher’s ex- 
planation does represent one potential in- 
terpretation of the data, but another 
clearly exists, and he hardly considers it. 
Identical twins look alike and are fre- 
quently raised to emphasize the eerie simi- 
larity; they are often dressed alike, learn to 
act as surrogates one for the other, and so 
on. Perhaps this greater similarity in rais- 
ing leads to a stronger likelihood for simi- 
lar smoking habits. 

In any case, Fisher should have consid- 

ered all these possibilities if he were truly 
pursuing this issue with an open mind. We 
must conclude, rather, that he entered the 
fray with a clear preference, even a mis- 
sion—the debunking of smoking as a 
cause, and a championing of joint genetic 
predisposition as an alternative explana- 
tion. We must therefore probe deeper and 
ask why Fisher had such an overwhelming 
preference. Two factors stand out: one im- 
mediate and practical; the other, long- 
standing and theoretical. 

The immediate reason is easy to state 
and hard to gainsay. In 1956, Fisher be- 
came the paid scientific consultant for the 
Tobacco Manufacturers’ Standing Com- 
mittee. Fisher took great umbrage at any 
implication that his objectivity might be 
compromised thereby, arguing that he 
wouldn’t sell his soul for the pittance they 
paid him. Higher powers must judge the 
tangled commitments wrought by such 
employment; I will only observe that we 
generally, and with good reason, require 
institutional impartiality as a prerequisite 
for genuine objectivity of mind. 

The longstanding reason is more inter- 
esting intellectually and permits us to 
work back toward Fisher’s first great er- 
ror, thereby revealing an important con- 
tinuity in his life and career. Fisher was a 
strong, lifelong supporter of eugenics, the 
proposition that human life and culture 
could be bettered by implementing strate- 
gies for genetic improvement by selective 
breeding—either encouraging childbear- 
ing by those judged genetically more fit 
(positive eugenics) or preventing procre- 
ation by the supposedly unfit (negative _ 
eugenics). I must emphasize at the start _ 
that I do not single out Fisher for any 
special opprobrium on this score. The 
great majority of geneticists advocated 
some form of eugenics, at least until Hitler — 
showed so graphically how a ruthless pro- 
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gram of negative eugenics might operate. 
Moreover, Fisher’s idiosyncratic version 
was relatively. benign politically and 
largely in the positive mode. Eugenics was 
a big and motley movement, including its 
fascists to be sure, but also its idealistic 

socialists and committed democrats. 
Fisher’s strong and lifelong preference 

for genetic explanations of behavior, the 
foundation of his eugenic sympathies, 
surely predisposed him-to the argument 
that both smoking and cancer might be 
linked to genetic variation among people. 
The same preference for genetic explana- 
tions inspired his much more extensive 
and encompassing first great error—his 
general theory of racial decline (and pos- 
sible eugenic salvation), as presented in 
his magnum opus of 1930, The Genetical 
Theory of Natural Selection. 

Just as most of my colleagues ignore 
Fisher’s late and embarrassing work on 
smoking, they also pay little or no atten- 
tion to the eugenic chapters of our profes- 
sion’s bible. Evolutionists may not know 
much about Fisher’s campaign to exoner- 
ate the tobacco industry, but how can they 
bypass several chapters of a crucial vol- 
ume present in every professional’s li- 
brary? One leading book on the history of 
population genetics says this and no more 
about Fisher’s eugenic chapters: “In the 

concluding five chapters he extended his 
genetical ideas to human populations.” 

We don’t like to admit flaws in our 
saints. Perhaps my colleagues are embar- 
rassed that a truly great work, the abstract 
and theoretical foundation of our field, 
should include a practical view of society 
that most of us find both fatally flawed 
and politically unacceptable. Perhaps we 
tend to view the eugenic chapters as an 
unfortunate and discardable appendage to 
a great work of very different character. 
But such dismissal cannot be defended. 
The eugenic chapters are no ending frill; 
they represent more than one-third of the 
book. Moreover, Fisher explicitly insists 
that these chapters follow directly from 
his general theory and cannot be sepa- 
rated from his more abstract conclusions. 
He states that he only gathered these 
chapters together for convenience and 
that he might, instead, have scattered the 
eugenic material throughout the book. 
Fisher writes: “The deductions respecting 
man are strictly inseparable from the 
more general chapters.” 
A single, if complex, argument runs 

through the five eugenic chapters: ad- 
vanced civilizations destroy themselves by 
“the social promotion of the relatively in- 
fertile,” that is, people who rise into the 
ruling classes (the “better people” so nec- 

essary to successful government) tend, 
alas, to have fewer children for reasons of 
relative genetic infertility, not mere (and 
reversible) social choice. The upper 
classes therefore deplete themselves, and 
society eventually weakens and crumbles. 
If this assertion seems implausible a pri- 
ori, then follow Fisher’s rationale through 
six steps. Again, as with smoking, the ar- 
gument is impeccably logical, in the nar- 
row, technical sense of following from its 
premises, but entirely wrong, almost non- 
sensical, based on the fallacy of those key 
premises. 

1. All great civilizations cycle from ini- 
tial prosperity to eventual decline and fall. 
Although conquest may terminate a de- 
pleted race, the cause of decline is internal 
and intrinsic. The major reason for ulti- 
mate failure must lie with a predictable 
weakening of the elite classes. Can this 
decline be stemmed and stability with 
greatness imparted? Fisher writes: “The 
fact of the decline of past civilizations is 
the most patent in history. ... The imme- 
diate cause of decay must be the degen- 
eration or depletion of the ruling classes.” 

2. Fisher now notes, but misinterprets, 
the well-documented relationship be- 
tween family size and social status in mod- 
ern Western nations. Poorer families have 
more children, while the elite are rela- 
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tively infertile because they marry later, 
have fewer children after marriage, and 
contain a higher percentage of individuals 
who remain bachelors or spinsters. This 
relative infertility of the upper classes 
leads to their depletion and, eventually, to 
a decline of civilization by failure of the 
most able to replenish themselves. Fisher 
writes: “The birth rate is much higher in 
the poorer than in the more prosperous 
classes, and this difference has been in- 
creasing in recent generations.” 

Interestingly, and on this basis, Fisher 
rejects the two most common alternative 
explanations for racial decay advanced by 
eugenicists of his time. He denies, first, 
that the upper classes alone are being viti- 
ated by dangerous inbreeding. The de- 
cline in fertility is gradual and pervasive 
through the social hierarchy, not confined 
to the ruling elite. Fisher writes: 

The deficiency in procreation is not espe- 
cially characteristic of titled families or of 
the higher intellects, but is a graded quality 
extending by a regular declivity from the 
top to the bottom of the social scale. 

Secondly, Fisher also rejected the com- 
mon argument with the most unfortunate 
moral and political consequences—that 
superior civilizations decay by racial mix- 
ture with inferior groups. Fisher’s rejec- 
tion arises directly from his general evolu- 
tionary views—and this link supplies the 
best proof that Fisher’s eugenic chapters 
are integrally connected with his theoreti- 
cal work in evolution, and that the two 
parts of his book cannot be separated, with 
the theory exalted and the eugenics ig- 
nored in embarrassment. The book’s cen- 
terpiece is a proposition now known as 
Fisher’s fundamental theorem of natural 
selection—“the rate of increase in fitness 
of any organism at any time is equal to its 
genetic variance in fitness at that time.” 
Or roughly, the rate of evolution by natu- 
ral selection is directly proportional to the 
amount of usable genetic variation main- 
tained in a population. Or even more 
roughly, genetic variation is a good thing 
if you want to accelerate the rate of evolu- 
tion. Therefore, since eugenic betterment 
requires effective evolution, anything that 
boosts the amount of usable variation 
should be strongly desirable in Fisher’s 
view. Racial mixing represents a powerful 
way to increase variation, and Fisher had 
to acknowledge its potential benefits. 
(Fisher, following a common prejudice of 
his time, did not deny the general superior- 
ity of some races. Thus, race mixture 
might lower the average quality of a peo- 
ple. Nonetheless, the range of variation 
would increase, even while the mean de- 
clined, and natural selection could pro- 

duce improvement by favoring rare indi- 
viduals on the extended upper end.) 

3. One might think that the elite have 
fewer children for purely social reasons 
(greater access to contraception, post- 
ponement of childbearing for work or edu- 
cation, more access to types of leisure bet- 
ter enjoyed without large families), but in 
fact, the cause of the correlation is largely 
genetic and the elite are less fertile for 
constitutional reasons. 

This statement is the centerpiece of 
Fisher’s eugenics. He argues that the low 
fertility of modern elites is a pernicious 
and recent development, not a permanent 
state of all societies. In “primitive” social 
organizations, rulers generally have more 

children. (Fisher discreetly bypasses the 
major reasons for this former positive cor- 
relation—concubinage and multiple mar- 
riage by males in power—largely, I sus- 
pect, because he rejects such practices 
morally and so much wishes to think well 
of elites in any age!) Fisher writes: “The 
normal destiny of accumulated wealth 
was to provide for a numerous posterity.” 

But “advanced” civilization has re- 
versed this old and biologically healthy 
correlation. The elite now have fewer chil- 
dren, primarily for reasons of relative ge- 
netic infertility. How did the tragic rever- 
sal occur? Fisher argues that tendencies 
for social promotion of the less fertile pre- 
dictably arise in advanced civilizations, 
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thus flooding the upper classes with the 
source of their eventual depletion. But 
how could such a tendency originate? 

4. People who rise from the lower to the 
upper classes (in a democracy that allows 
such mobility) do so by virtue of genetic 
superiority and the advantages thus con- 
ferred via intelligence and business acu- 
men. But, unfortunately, these people also 
tend to be less fertile. Fisher’s argument 
here exactly follows the form of his later 
claim for smoking. High ability does not 
cause infertility, nor does infertility pro- 
duce brilliance. Rather, the correlation of 
high ability and infertility originates be- 
cause both traits are independently linked 
to a pernicious circumstance that arises 
only in advanced civilizations. You have 
to possess strong, genetically based ability 
in order to rise at all. But if you also come 
from a large family (and therefore inherit 
a propensity for high fertility), your 
chances of rising are diminished because 
your family will be poorer (more mouths 
to feed, all other things being equal) and 
you will have less access to education. But 
if you have the same high ability and also 
come from a small family (with heritable 
low fertility), you gain a better chance to 
rise. By this noncausal correlation of abil- 
ity and infertility, the chief reason for de- 
clining civilization emerges: the social pro- 
motion of the relatively infertile. 
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The situation breeds tragedy all around. 
The lower classes decline by loss of their 
most able members; the upper classes sink 

by the infertility of these upwardly mobile 
people. Society goes down the tubes. 
Fisher, at least, attempted to do his per- 
sonal bit to stem the tide by raising a bevy 
of kids. 

5. Fisher now faced a problem in the 
logic of his argument. If the upper classes 
are so infertile, shouldn’t rising immi- 
grants from lower levels help to replenish 
the dearth even if they are less fertile than 
their compatriots remaining at the bot- 
tom? Fisher, following a curious argument 
first advanced by Francis Galton, argued 
that men who rise by ability tend to marry 
particularly infertile upper-class women, 
thus diluting their own capacity for child- 
bearing. Such men, knowing their advan- 
tages and being clever enough to exploit 
them, tend to marry heiresses should the 
opportunity arise (for they so desperately 
need a financial leg up in order to use their 
considerable abilities). Now an heiress 
tends to be particularly infertile because 
she is so often the only child in a family. 
Fisher laments: “This puts in the same 
class the children of comparatively infer- 
tile parents and the men of ability, and 
their intermarriage has the result of unit- 
ing sterility and ability.” 
When you dissect this preciously ab- 

surd argument for its hidden assumptions, 
sexist and otherwise, you get some sense of 
Fisher’s own background and social bi- 
ases. You realize how illusory must be the 
notion of absolute impartiality—of obedi- 
ence only to the logic of argument and the 
dictates of empirical data. Only men do 
the rising from lower classes. Infertility is 
the burden and fault of women. In other 
words, men advance and women then pull 
the whole family line down. 

6. Fisher summarized the baneful ef- 
fect of the genetically based inverse cor- 
relation of childbearing and social status: 

Whenever, then, the socially lower occupa- 
tions are the more fertile, we must face a 
paradox that the biologically successful 
members of our society are to be found 
principally among its social failures, and 
equally that classes of persons who are pros- 
perous and socially successful are, on the 
whole, the biological failures, the unfit of 
the struggle for existence, doomed more or 
less speedily, according to their social dis- 
tinction, to be eradicated from the human 
stock. : 

If the social promotion of infertility is the 
cause of this destructive inverse correla- 
tion, then our only hope for reversal and 
salvation lies in legislated policies aimed 
at social promotion of the more fertile. 
Fisher advocated some form of payments 
for childbearing, so that lower-class peo- 
ple of both ability and fertility would be 
able to rise—as I said at the outset, a 
relatively benign form of eugenics. 

I need hardly detail the numerous false 
assumptions that derail Fisher’s complex 
argument. I only note that they represent 
exactly the same mistake—uncritical ac- 
ceptance of genetic conjectures—that in- 
validated his later case for smoking. Why 
should we assume that people who rise 
socially do so, in large part, by genetic 
endowment? And even if this argument is 
valid, why assume that the well-known 
negative correlation of childbearing and 
social status results from differential ge- 
netic fertility, especially when so many 
excellent and obviously nongenetic ex- 
planations cry out for attention (although 
Fisher mentions them only in quick deri- 
sion), including, as mentioned before, 
longer years of schooling, delayed mar- 
riage, and greater access to contraception 
and abortion. The first genetic conjecture 
(a biological basis for social promotion) 
seems less implausible, although quite un- 
proved; but the second conjecture (a ge- 
netic basis for fewer children in the upper — 
classes) seems wildly improbable and even 
borders on the absurd. Yet Fisher’s case 
absolutely requires that both genetic con- 
jectures be valid, for if we rise genetically 
but then have fewer children only for so- - 



cial reasons, then his argument falls apart, 
since no “social promotion of infertility” 
would exist. 
We may take a kindly view of Fisher’s 

eugenics and say that his genetic conjec- 
tures did no harm, for try as he might—in 
press and before Parliament—Fisher’s 
recommendations made no _ practical 
headway. But false genetic hypotheses of 
human behaviors and statuses are politi- 
cally potent. They represent an ultimate 
weapon for social conservatives who wish 
to “blame the victim” for any correctable 
social ill or inequity. Are workplaces 
toxic? Screen workers and fire those with 
genetic predispositions to react badly. Is 
adequate access available to members of 
minority races? Argue that they are infe- 
rior by nature and therefore already oc- 
cupy an appropriate number of slots. The 
genetic fallacy is generic—and applicable 
almost anywhere for the common and la- 
mentable social aim of preserving an un- 
fair status quo. 
We may excuse Fisher’s eugenics as 

relatively harmless, but we cannot be so 
sanguine about his campaign against a 
causal link between cancer and smoking. 
Joan Fisher Box wrote a fine biography of 
her father, marred only by an understand- 
ably hagiographical approach. She de- 
picts Fisher’s smoking campaign as rous- 
ing good fun for her father, a kind of 
harmless little game enjoyed by a gadfly 
against powerful interests. But her last 
paragraph on this topic is chilling, unin- 
tentionally so I suspect: 

In 1958 Fisher was brought into discussion 
of the evidence in the United States in con- 
nection with legal suits expected to be 
brought to trial against tobacco manufac- 
turers for personal damage caused by their 
products. Early in 1960 he visited the 
United States at the invitation of a legal 
firm representing an American tobacco 
company, whose case was brought to trial in 
April that year. Other suits were either not 
brought or were unsuccessful, and the legal 
pressure on tobacco companies was relieved 
for a time. 

And that, friends, translates into many, 
many deaths—as pressure to quit and to 
restrict advertising diminished. Fisher 
may have been only the tiniest cog in a 
great machine rolled out by the tobacco 
industry, but he did contribute. Charles 
Lamb once wrote a humorous couplet: 

For thy sake, Tobacco, I 
Would do anything but die. 

Bad and biased arguments can have 
serious, even deadly, consequences. 

Stephen Jay Gould teaches biology, geol- 
ogy, and the history of science at Harvard 
University. 
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Buffalo Beats, Ohio 
by Robert H. Mohlenbrock 

In 1935, botanist Edward N. Transeau 
described patches of prairie found east of 
the Great Plains, in Michigan, Illinois, 
Indiana, and Ohio. He believed these iso- 
lated patches were remnants of what had 
once been an arm of prairieland, which he 
called the prairie peninsula. One of the 
easternmost of these patches, called Buf- 
falo Beats, lies near Athens in southeast- 
ern Ohio, on land now part of Wayne 
National Forest. It is named for the Amer- 
ican bison, which may well have grazed 
there when it roamed this part of Ohio. 

I visited Buffalo Beats one warm May 
afternoon in the company of forest ranger 
Joe Newcomb and botanist Marilyn Ortt 
of the Ohio Heritage Program, an organi- 
zation that assists the Forest Service in 
managing the prairie. After a short but 
steep climb through a dense forest of 
black, scarlet, and white oaks, we reached 
the top of a ridge where the forest ended 
abruptly and a half acre of prairie vegeta- 
tion was exposed to sunlight. The clearing 
was pink with hairy phlox in full bloom, 
punctuated by an occasional splash of or- 
ange from false dandelions, yellow from 
cinquefoils, and gold from golden alexan- 
ders. Leaves of many other species were 
evident, some just beginning to unfold: 
blazing-star, yellow gentian, rattlesnake- 
master, stiff goldenrod, whorled rosin- 
weed, and the dominant grasses (big blue- 
stem and Indian grass) would be flowering 
vigorously by autumn. 

Lifelong residents of the area recall that 
this forest opening existed during their 
childhood, and several botanists have 
traced its condition for more than half a 
century. Howard Wistendahl described 
Buffalo Beats in 1962, when it covered 
about two acres. To help explain the pres- 
ence of prairie plants in the heart of the 
predominantly oak forest, Wistendahl ex- 
amined the soil. He noted that the dense 
forest, with its oaks and an understory of 
maple-leaved viburnum, grew on a light- 
colored, shaly soil, while the prairie had 
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developed on a layer of dark red clay that 
was deposited several inches deep over the 
shaly soil. The clay held more water, pro- 
vided more nutrients, and was less acidic 
than the adjacent forest soil. 

The clay was deepest at the center of 
the prairie and thinned out at its border. 
Wistendahl defined three zones of vegeta- 
tion. The prairie, devoid of all trees, occu- 
pied the deeper red clay. A forest with an 
understory of mixed forest and prairie spe- 
cies grew where only a thin layer of red 
clay covered the shaly soil. Beyond this 
“transition zone” was the regular forest. 

Two decades after Wistendahl’s work, 
Dennis Hardin restudied Buffalo Beats 
and discovered that the forest had en- 
croached so much that only about a half 
acre of reasonably intact prairie re- 
mained. Even there, woodland trees, 
shrubs, and herbaceous plants were invad- 
ing. Two prairie species, the whorled ros- 
inweed and the milk spurge, had become 
more common, and several others, includ- 

The half acre of prairie known as Buffalo Beats, above, lies in 

ing the hairy sunflower, continued to 
flourish in the transition zone. But rarer 
prairie herbs had become still rarer, and 
big bluestem, the dominant prairie grass, 
had decreased from SO percent of the 
cover to only 16 percent. 

To halt the advance of the forest, Har- 
din recommended a management plan, 
which the Forest Service and the Ohio 
Heritage Program are now implementing. 
In early spring of 1986, fifty trees with a 
diameter of six inches or more were cut 
down within the prairie and removed, 
along with some woody plants in the tran- 
sition zone. One huge branch of an oak 
tree that extended halfway across the prai- 
rie was also pruned because the shade it 
cast encouraged the growth of forest spe- 
cies. These steps aided the growth of some 
prairie plants during the spring and sum- 
mer but also brought an unwelcome influx 
of poison ivy, which, along with woody 
seedlings and stump sprouts, is now being 
weeded out periodically by hand. 

Marilyn Ortt 

the heart of an oak forest. Opposite: A hairy sunflower 
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Despite the increased exposure to sun- 
light following the tree cutting, many prai- 
rie plants in Buffalo Beats still did not 
flower or set seeds. As a further experi- 
ment, during the spring of 1987 the south- 
ern half of the prairie was burned. This 
triggered rattlesnake-masters, yellow gen- 
tians, hairy sunflowers, and stiff golden- 
rods to bloom profusely that summer and 
autumn, and they have continued to do so 
in the years since. The management team 
is reluctant to burn the entire prairie, how- 

ever, for fear of destroying the insect 
population. Entomologists have found 
that Buffalo Beats is a haven for insects, 
including some very uncommon ones. Two 
species unique to the area seem to depend 
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An oil pump remains nearby, but Quaker State has 

completely on the subulate phlox that 
grows there. 

The questions of the origin and age of 
Buffalo Beats have intrigued botanists for 
years. In 1942 ecologist Paul Sears sug- 
gested that the warming trend that ended 
the last Ice Age some 12,000 years ago 
may have eventually rendered the climate 
in the eastern United States hotter and 
drier than it is today, allowing the develop- 
ment of Transeau’s “prairie peninsula.” 
But how can we tell whether Buffalo Beats 
is a remnant of this ancient prairie or a 
more recent colonization by prairie plants 
of an artificial forest clearing? 
A recently developed technique has 

helped resolve this question. Plants take 
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relinquished its mineral rights in a move to save this prairie. 
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up silicon from the soil and eventually 
deposit it in their leaves as granules of 
silicon dioxide known as opaline phyto- 
liths. These microscopic phytoliths, which 
differ in shape among groups and species 
of plants, may persist in the soil for as 
much as 13,000 years. Forest soil scien- 
tists P J. Kalisz and S. E. Boettcher took 
soil samples in and around Buffalo Beats 
and discovered that the phytoliths found 
in the prairie soil were almost exclusively 
from nonwoody, prairie-type species, 
while those in the transition zone were 
from a mixture of prairie and forest 
plants, and those in the forest soil were 
almost exclusively produced by trees. 
They concluded that the prairie had occu- 
pied the ridgetop for at least 13,000 years 
and probably once extended over what is 
now called the transition zone. 

The existence of a virgin patch of prai- 
rie in this region is remarkable, consider- 
ing that all other tillable tracts have at 
least been tried for agriculture. Marilyn 
Ortt has studied the ownership of the land 
as far back as the records go and found 
that except for an inconsequential three- 
day period, the land has belonged to ab- 
sentee Owners who were not around to 
farm this small parcel. Recently, in a fine. 
gesture of conservation, the Quaker State 
Corporation, which owns the mineral 
rights beneath Buffalo Beats, gave up its 
claim in an agreement signed with the 
Forest Service. As a result, there is re- 
newed hope that the tiny prairie will be 
preserved for future generations. 

Robert H. Mohlenbrock, professor emer- 
itus of plant biology at Southern Illinois 
University, Carbondale, explores the bio- 
logical and geological highlights of the 
156 U.S. national forests. a 
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Saint George and John Canoe 
The Caribbean is haunted by the ghosts of Christmas past 

by Samuel M. Wilson 

The village of Gingerland is strung out 
along a couple of roads on the small Carib- 
bean island of Nevis. The main route 
around the island passes through the vil- 
lage, another heads down to the sea, and a 
third turns inland toward the island’s 
3,000-foot-tall volcanic cone. The domi- 
nant buildings are two stone churches; 
near the village center, a bridge crosses a 
ravine, filled with breadfruit and papaya 
trees, and small shops line the road. Some 
inhabitants of Gingerland’s large ceme- 
tery lived and died when Nevis was the 
center of Britain’s New World empire and 
the North American colonies were but the 
troublesome and unprofitable periphery. 
A few hundred people, more or less, live in 
the village, depending on where you draw 
its boundaries. But at Christmas, people 
from all over Nevis and the surrounding 
islands come here to see the masquerade. 

The “captain”’—an older man well 
known in the community—leads a dozen 
or so costumed male dancers through the 
village. These men wear colorful shirts 
and trousers, or sometimes skirts, on 
which small mirrors and bells have been 
sewn. Trailing ribbons decorated with 
more flashing mirrors and tinkling bells, 
they dance to the rhythm of two drums (a 
deep kettledrum and a deeper bass) and a 
simple wood or tin fife. 

Other groups of dancers wear far more 
elaborate costumes, with crowns of pea- 
cock feathers and striking gowns. Still oth- 
ers are dressed in parodies of European 
clothes of another era and masks of wire 
mesh painted a startling pink. Some ath- 
letic dancers wear minimal costumes and 
carry bows and arrows; as they dance 
wildly, the most adept throw tomahawks 
into the air and catch them without look- 
ing. The devilish protagonist of the is- 
land’s popular “bull play” may appear, 
dressed in a red suit and fierce mask with 
bull’s horns attached. 

At first the music sounds like a'military 
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A reveler, costumed as a lionfish, dances ina New Year’s 
“Junkanoo” parade in Nassau, Bahamas. 
Joe Viesti; Viesti Associates, Inc. 



ANCIENT CAPITALS OF THE ORIENT 
China, South Korea and Japan 

June 2-17, 1992 

Come discover the ex- 

quisite art and architecture 

and dramatic natural 

beauty of the Orient. Cruis- 

ing aboard the luxurious, 

44-cabin Aurora, explore 

ancient cities and towns 

and stunning national 

parks in China, South 

Korea and Japan with a 

team of American 

Museum and guest ex- 

perts. Among our many 

highlights are: 

Three days exploring the extraordinary sites of Beijing, China and its environs, including the Forbidden City, the 

Ming Tombs and the Great Wall. 

Seoul, South Korea’s magnificent capital and site of the 14th-century Kyongbok Palace and lotus pond, the 

Changdok Palace and its Secret Garden, and the superb National Museum. 

Yosu, along South Korea’s spectacular southern coast, where General Yi defeated the Japanese in the 16th century 

with his famous "turtle ships." Also visit the Chinnamgwan Pavilion and lovely Odong-do Island. 

Kyongju, South Korea, one of the world’s great historic sites, with its 

wonderful National Museum and excavated temples, palaces, shrines and | 

tombs built between 57 B.C. and 935 A.D. 

Matsue, Japan’s enchanting city of willow-lined canals and historic houses. 

Explore Daisen Oki National Park and the Izumo Taisha shrine, Japan’s | 

oldest Shinto shrine. 

Hagi, a picturesque Japanese town famous for its fine porcelains and 

beautifully-preserved historic Samurai district. 

Japan’s colorful Itsukushima Shrine, which appears to float on the water 

during high tide, on the beautiful island of Miyajima. 

The world-famous Inland Sea of Japan, with picturesque fishing villages 

and hundreds of pine-clad islets. 

Two days in Kyoto, an architectural treasure trove with hundreds of temples 

and shrines symbolizing the beauty and grace of ancient Japan. 

Ise Shima National Park, where the two most venerated Shinto shrines are 

located, and Mikimoto Kikichi’s pearl culture farm on Pearl Island. 

For further information contact: 

American 
Museum of 

= Natural 
BANA History 
Discovery Cruises 

Central Park West at 79th St. 

New York, NY 10024-5192 

Toll-free (800) 462-8687 

or in NYS (212) 769-5700 



Swami WALKER’S 

holidays BYINNIVINES ) 
with aaa OF THE 

Ce WORLD rietHeition 
relatives. EDITED BY RONALD M. NOWAK 

“If you want to find out about a mammal, here is the 
place to look.” —New York Times 

“Every mammalogist must have [these books], and 
those who profess a broad interest in the fauna of the 
world will want them.”—Natural History 

From aardwolves and bandicoots to yapoks and zorillas, 
Walker’s Mammals of the World is the preeminent 
reference work on mammals. Now completely revised 
and updated, this guide is better than ever—1,116 
genera of mammals, 4,444 different species, 2,103 
photographs. 

Two volumes: $89.95 

Available at your bookstore or call 1-800-537-5487. 

THE JOHNS HOPKINS UNIVERSITY PRESS 
701 West 40th Street, Suite 275, Baltimore, MD 21211 

Get TV reception you never had before, with the... mn 

Antenna Multiplier 
only $2995* > TIS 
*But read this ad for an even better deal! nN a n> 

Are , ye ice bso ay. 
Yu won't need it if you are connected to acable system, but Sa 

if you are not you will now get TV reception that you Sarees 
could never enjoy before. Inside its plastic housing, the 
Antenna Multiplier™ hides a small technical miracle— 
an array of electronic components that literally multi- 
plies the reception power of your TV. The Antenna Multi- 
plier™ stabilizes your TV picture, eliminates “ghosts” and 
static, and brings in stations that were until now only visible 
as flickers and annoying shadows. In most areas you will be 
able to eliminate any outdoor antenna completely (limited 
by atmospheric or geographic constraints). The Multiplier™ needs no outside power—it gets 
its “juice” right through your TV set. You place the Multiplier™ on the television set itself, la 
it ona nearby table, or hang it on the wall. And, of course, you can bid your messy and nee 
fective rabbit ears, loop, rod, or dish antennas good-bye. Antenna Multiplier™ will not just 
enhance your TV reception, it also vastly improves AM/FM radio reception and brings in new 
stations on multiband and shortwave receivers for new entertainment alternatives. 
Weare the exclusive importers of the Antenna Multiplier™ in the United States and can therefore 

bring you this outstanding TV accessory for just $29.95. But we have an even better deal: Buy 
two for $59.90, and we'll send you a third one, with our compliments—absolutely FREE! 
Unleash the full power of your television with Antenna Multiplier™ Order it today! 

FOR FASTEST SERVICE, ORDER Looking for a bargain? Come in and visit 
TOLL FREE (800) 882-3050 our Catalog Outlet in San Francisco. 

24 hours a day, 7 days a week 

tenna Multi- 
pi sign icantl 
joosts E VH 

Television and AM, FM, 
& Shortwave radio reception. 

since 1967 
Please give order #1429B068. If you prefer, mail 
check or card authorization and expiration. We 
need daytime phone number for all orders and is- 
suing bank for charge orders. Add shipping/in- 

a 

surance: $3.50 for one, $10.50 for three. Add sales 
tax for CA delivery. You have 30 day return and one of San Francisco 
year warranty. We donot refund shipping charges. 139 Townsend Street, San Francisco, CA 94107 

TS Pe La Ea 

24 Natura History 12/91 

march, but the fife has an exaggerated 
and somewhat satirical air. The music 
shifts, and the dancers glide into a stylized 
waltz; as the beat accelerates, men and 
women dance a hot rumba, very close to 
each other but not touching. At each 
change the music stops abruptly, freezing 
the dancers in their steps. Here is the cast 
of Nevis’s historical drama over the last 
five centuries—people whose ancestors 
were from Africa, Europe, and the New 
World itself. The masquerade features 
them all, and the music and dance tell 
stories of the ways they interacted. 

Because of the holiday season, Decem- 
ber is the time of year when stories of the 
past seem to have special importance. In 
North America, as elsewhere, to celebrate 
Christmas, trees are forced through living 
room doors and loaded down with an an- 
thropologist’s dream of symbolic orna- 
ments—birds, donkeys, candles, stars, 
and sleighs with fat, bearded gentlemen in 
strange red suits. Mistletoe is hung and 
rings of ornamented foliage are placed on 
doors. To celebrate Hanukkah, the can- 
dles of the menorah are lighted one by one 
and the dreidel is spun. All these things 
demand the recitation of stories that ac- 
count for them, although sometimes the 
traditions that give meaning to the cus- 
toms are nearly lost from everyone’s mem- 
ory. (Who was King Wenceslaus, anyway? 
And what’s a dreidel?) 

In the Caribbean, traditions are differ- 
ent from island to island, and Gingerland’s 
masquerade is just one of many obser- 
vances. In 1774, Edward Long described 
a Jamaican masquerade featuring an im- 
portant character called John Canoe: 

In the towns, during Christmas holidays, 
they have several tall robust fellows dressed 
up in grotesque habits, and a pair of ox- 
horns on their head, sprouting from the top 
of a horrid sort of visor, or mask, which 
about the mouth is rendered very terrific 
with large boar-tusks. The masquerader, 
carrying a woddin sword in his hand, is 
followed with a numerous crowd of drunken 
women, who refresh him frequently with a 
cup of aniseed-water, whilst he dances at 
every door, bellowing out John Conni! with 
great vehemence [The History of Ja- 
maica]. 

Who is John Canoe? Edward Long 
thought he represented John Conny, a cel- 
ebrated African king involved with the 
Prussians in the slave trade (““Conny” is a 
corruption of the German Konig, or 
“king”). In 1816, however, “Monk” Lewis 
described John Canoe in less fearsome 
terms, “dressed in a striped doublet, and 
bearing upon his head a kind of paste- 
board house-boat, filled with puppets, 
representing, some sailors, other soldiers, — 
others again slaves at work on a planta- _ 



tion, &c” (Journal of a West India Pro- 
prietor). Perhaps the dancer and his head- 
piece represented the slave trade itself, 
with soldiers and sailors taking Africans 
into bondage. Some speculate instead that 
the character of John Canoe was modeled 
after Noah, who saved humankind from 
the Old Testament deluge. 

Another amateur historian, I. M. 
Belisario, writing in 1837, says that the 
name John Canoe is a corruption of the 
French gens inconnus (unknown folks) 
and refers to the movement of French 
speakers from Haiti to Jamaica in 1795. 
Some elements from Haiti did indeed en- 
ter the festivities after that time. One 
such, important to the John Canoe cele- 
brations in the nineteenth and early twen- 
tieth centuries, was the parade of “set- 
girls,” groups of young women who 
dressed in elaborate formal gowns, “pin 
for pin alike, and carried umbrellas or 
parasols of the same color and size, held 
over their nice showy, well-put-on toques” 
(Tom Cringle’s Log, 1836). 

There is an older John Canoe, however. 
In Jamaica Talk (1961), linguist Frederic 
Cassidy argues that the name is what is 
important, and that the boat (like many 
parts of the performance) was added later. 
In the West African language Ewe, which 
is spoken today in Nigeria and is related to 

several West Coast languages, dzhon 
means a sorcerer or magician and kiinu 
means something terrible that can cause 
death. The combined form, dzhon’ko-nu, 
means a powerful and dangerous shaman. 
In Jamaica and elsewhere in the Carib- 
bean, and in most of the rest of the African 
American New World, such a person is 
now generally called an Obeah-man. 

John Canoe was one of many West Af- 
rican contributions to Jamaican culture. 
To cite just one other example, the most 

popular Jamaican folk tales are stories of 
Anancy, the trickster spider; they deal 
with the same plots and themes as the 
stories of West Africa’s anansesem (spi- 
der stories), sometimes mirroring them 

nearly word for word. The similarities are 
remarkable, considering that the ances- 
tors of those now living in Africa and the 
New World parted company in Thomas 
Jefferson’s time or before. 

Jamaican stories and performances re- 
work African themes and weave them to- 
gether with elements of Judeo-Christian, 
Native American, and even classical tra- 
ditions. “Monk” Lewis, in his journal for 
1815, records a John Canoe celebration in 
which the figures on parade included Bri- 
tannia carrying a trident and the coat of 
arms of Great Britain (portrayed by a 
horribly embarrassed young woman), the 

king and queen, Admiral Lord Nelson, 
and British mummers. The Yoruba god 
Ogun, patron of smiths and metalworking, 
may appear in the form of (or sometimes 
alongside) Saint George, Saint James, or 
Saint John. Others who have proved popu- 
lar over the years include Nanny and 
Cudjoe, revered leaders of Jamaican ma- 
roons (blacks who escaped slavery and set 
up free communities in the mountains), as 

well as General Jackson, who brutally put 
down a rebellion in 1865. 

So who is John Canoe—an African 
king in league with Prussians, a biblical 
Noah, a leader of Haitian “unknown 

folk,” a West African Obeah-man, or 
some other, unidentified personality? The 
only answer that is accurate and faithful 
to John Canoe’s complicated origins is 
that he is a Jamaican. The Jamaican tradi- 
tion of John Canoe combines all the 
contributing sources. 

Such fusions are found in all Caribbean 
holiday pageants. Recent Christmas plays 
on Nevis have featured, among many oth- 
ers, David and Goliath, Saint George and 
the dragon, Mussolini and Haile Selassie, 
Ferdinand and Isabella, Moses and the 
children of Israel, mummies, and a multi- 
faceted character named the Black Prince 
of Palestine. 
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In Nassau, elaborately costumed 
groups compete for prizes. 
Joe Viesti; Viesti Associates, Inc. 

them (or maybe vice versa). Now the 
Christmas dances themselves are becom- 
ing less popular: Gingerland’s Christmas 
fame has declined greatly in the last gen- 
eration. In Christmas Sports in St. Kitts- 
Nevis (1984), Kittitian-born Frank Mills 
says, “The overwhelming majority of 
Kittitians and Nevisians under thirty 
years of age have never heard of half the 
different kinds of sports mentioned, and 
have witnessed even fewer. And there are 
many nationals over fifty who can add 
perhaps another dozen [to the eight I have 
described].” 

John Canoe too is becoming a forgotten 
figure. Even in the early 1800s, the John 
Canoe dance in Jamaica was coming un- 
der pressure to change. The Reverend R. 
Bickell, an abolitionist, said that “most of 
those who had become Christians were 
ashamed to join in it” (The West Indies As 
They Are; or A Real Picture of Slavery, 
1825). This adds weight to the interpreta- 
tion that, at least in part, John Canoe 
voiced a people’s resistance to an inhu- 
mane system and signaled their allegiance 
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to an African past at a time of the year 
when they were able to express themselves 
most freely. The powerful and disturbing 
John Canoe became less important at 
about the time of the abolition of slavery 
in the British colonies in 1834. Once the 
centerpiece of the celebration, he became 
the headliner for an increasingly diverse 
performance, then a member of the cast, 
and eventually a character whose story 
few can remember in any detail. 

In 1951 there was an attempt to revive 
the John Canoe dance with all its charac- 
ters, and again dissension was voiced. One 
letter to the editor of Jamaica’s Daily 
Gleaner said that “Juncunoo” was ob- 
scene, and “many people were taken to 
court for dancing horse-head, it was so 
vulgar.” We need not lament the passing 
of this tradition, however. More than 
likely, the spirit of John Canoe—woven in 
new ways into the constantly changing 
West Indian traditions—has been so 
transformed that despite his presence we 
no longer recognize him. 

Samuel M. Wilson teaches anthropology 
at the University of Texas at Austin. 

Jamaican slaves formed “‘sets” that 
competed for superiority 
in music, costume, and beauty. 
|.M. Belisario, from the Institute of Jamaica Collection 
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On the way to greener feeding grounds, a seasonally 
migrating herd of Diplodocus moves through a 
landscape sparsely vegetated with cycads.. 
© John Gurche, from John Reader's The Rise of Life, 1986 sea 
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Life Styles of the Huge and Famous 
The giant sauropods led superlative lives 

by Peter Dodson 

Sauropods, as paleontologist Walter 
Coombs observed, were beasts the size of 
whales, on legs of elephants, with tails of 
lizards, necks of giraffes, heads of horses, 
and nostrils of tapirs. In any description of 
these beasts, superlatives abound. Sauro- 
pods had the smallest brains relative to 
body weight of any group of dinosaurs, yet 
they were among the most successful of all 
dinosaurs. The first sauropods appeared in 
the Early Jurassic, almost 200 million 
years ago. They reached the peak of their 
worldwide diversity in the Late Jurassic, 
about 150 million years ago, and a few 
persisted to the dying moments of the 
Late Cretaceous, 66 million years ago. So 
far, their remains have been found on ev- 
ery continent except Antarctica. There 
were more genera of sauropods than of 
any other major group of dinosaurs. (A 
genus comprises a group of closely related 
species.) About ninety genera of sauro- 
pods have been named, but fewer than 
fifty are probably valid. Few sauropods 
are known from essentially complete re- 
mains, and skulls are especially rare. This 
is a problem of taphonomy, or burial: 
these animals were so large that, most 
likely, the tail, head, and feet rotted away 
before the whole carcass was buried. 
Complete burial could easily have taken 
several years. 

Indeed, sheer size is the most remark- 
able characteristic of the sauropods. Even 
a small sauropod was thirty feet long and 
weighed six or more tons. And the big- 
gest? We’re still trying to figure that one 
out. The largest, almost complete Diplod- 
ocus skeleton found so far is about ninety 
feet long. Very incomplete remains dis- 
covered by “Dinosaur Jim” Jensen, of 
Brigham Young University, in the famous 
Dry Mesa Quarry in western Colorado in 
the 1970s suggest that the tallest sauropod 
was Ultrasaurus, perhaps some 55 feet 
high, and the longest was Supersaurus, 
which may have stretched 125 feet from 
nose to tip of tail. A recent contender for 
top honors, at a possible 140 feet, is Seis- 
mosaurus, discovered in 1985 in New 
Mexico and currently under excavation 
by Utah paleontologist David Gillette. 
Typical sauropods ranged in weight from 
ten to thirty tons. Barosaurus was a 
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heavily built sauropod, although perhaps 
only eighty feet long. 

How did these giants live? What they 
lacked in brains, they made up in brawn. 
Gigantism was obviously part of their for- 
mula for success. But did they become too 
big for their own good? Could they sup- 
port their bulk on land or did they languish 
in swamps, submerged up to their chins in 
water? What did they eat and how many 
hours a day did they spend eating it? Were 
they warmblooded? How did they repro- 
duce? And how long did they live? Think- 
ing about questions like these puts flesh on 
the bones and brings our heroes to life. 

Sauropods were long thought to have 
been too large to move about freely on 
land and to have required water to help 
support their bodies. In 1971, after study- 
ing the anatomical structure of the crea- 
tures’ limbs, feet, and rib cages, Robert 
Bakker, a paleontologist in Boulder, Colo- 
rado, made a strong case that sauropods 
were thoroughly adept, elephantlike ter- 
restrial animals, not short-limbed, barrel- 
chested, aquatic beasts. 

Bakker and I decided to examine the 
colorful outcrops of the Upper Jurassic 
Morrison Formation in Utah, Colorado, 
and Wyoming, where the remains of the 
ancient behemoths have been found in 
abundance. Along with our colleagues 
Kay Behrensmeyer, now of the Smithso- 
nian Institution, and John McIntosh, of 
Wesleyan University, we discovered that 
the sauropod fossils were by no means 
confined to rocks that indicated the pres- 
ence of ancient swamps or lakes. At the 
Cleveland-Lloyd Quarry in central Utah 
and again at Sheep Creek in southern Wy- 
oming, we found that skeletons had come 
from limy pond deposits. At the beautiful 
tilting bas-relief of Dinosaur National 
Monument in Utah (where the American 
Museum’s Barosaurus came from, as well 
as three other kinds of sauropods and five 
other kinds of dinosaurs) and in the pictur- 
esque cliffs of Garden Park near Cafion 
City, Colorado, the ancient bones are 
closely associated with river channels that 
flowed across the Jurassic landscape. But 
bright red and maroon sediments near 
Cafion City, near Fruita, Colorado, and at 
Como Bluff, Wyoming, all attest to dry sa- 

vannalike conditions. We concluded that 
sauropods roamed across a broad spec- 
trum of environments, going essentially 
where they pleased. 

Furthermore, to our surprise, we found 
plant remains to be very uncommon. 
While large quantities of plant fodder 
were required to fuel sauropod bellies, lit- 
tle evidence of this verdure remained, hav- 
ing been oxidized to dust during the with- 
ering dry seasons. The bright hues of the 
Morrison sediments and the scarcity of 
plant remains contrast strongly with the 
pale colors and abundant plant remains in 
the Late Cretaceous beds of Alberta and 
Montana, where I have worked for the 
past ten years. During the Late Creta- 
ceous, the lush lowland plains were awash 
with water. Seventy million years earlier, 
during the Late Jurassic, climates of west- 
ern North America were dry and strongly 
seasonal. Sauropods may have wandered 
long distances following the rains in 
search of fresh salad. 

But how much salad did a sauropod 
require? This depends on many things, but 
especially on body size and metabolic 
rate. A convenient size unit is elephant 
size, roughly five tons. The smallest Mor- 
rison sauropod, Haplocanthosaurus, 
weighed about one and a half elephant 
units. Slender Diplodocus weighed two or 
three elephant units, stocky Camarasau- 
rus six elephant units, and bulky Barosau- 
rus and Apatosaurus as much as eight 
elephants. The giants weighed in at ten to 
twenty elephants. Relative to their huge 
bodies, most sauropods had small heads, 

more or less the size of horse or giraffe 
heads. Also, the teeth, although robust 
and often heavily worn, particularly in the 
camarasaurids, are simple in structure. 

How could a beast this big, with a rela- 
tively small head, have gathered enough 
food in a day to keep alive, much less 
thrive? Basically, the jaws and teeth were 
used simply to rake in foliage, which may 
have been reduced to small particle size - 
internally in a gizzard. Sauropods may ~ 
have also swallowed stones for grinding 
plants, but proof has been maddeningly 
difficult to come by. The West is almost 
paved with polished, egg-sized, sometimes . 
brightly colored stones, which are com- 
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Approximate dates for some 
representative genera of sauropods are 
given. Based on studies of their shared 
anatomical characteristics, sauropods 
are divided into at least fifty genera, 
which belong to six families. 

Sauropod silhouettes adapted from D. Norman's The li/ustrated 
Encyclopedia of Dinosaurs (Crescent Books, 1985) and D. Lambert's 
A Field Guide to Dinosaurs (Avon, 1983). 

THE Stx SAUROPOD FAMILIES 

VULCANODONTIDS 

Remains of vulcanodontids have been 
found in rocks of Early Jurassic age in 
Zimbabwe and India, and some sauropods 
from Europe and China may also have 
belonged to this family. In size, 
vulcanodontids ranged from the diminutive 
twenty-foot-long Vulcanodon to the sixty- 
foot-long Barapasaurus. Much about this 
family remains unknown. We do know that 
they had distinctive spoon-shaped teeth 
covered with coarse projections, 
or denticles, that 
are unknown among 
other kinds of sauropods. ww 

CETIOSAURIDS 

Of moderate size, these sauropods ranged 
from forty to sixty feet in length. Most lived 
in the Middle and Late Jurassic, and fossils 
have been found on all continents except 
Antarctica. Cetiosaurid necks were not 
greatly elongated, and their front legs were 
just a little shorter than their hind legs. The 
Chinese Shunosaurus, the best preserved 
of all cetiosaurs, was equipped with a tail 
club. The only cetiosaur skull known 
belonged to Shunosaurus. It is long, 
with many spoon-shaped 
teeth; the nostrils, 
situated near the eyes, 
pointed sideways. 

BRACHIOSAURIDS 

Late Jurassic Brachiosaurus is the only 
thoroughly known member of this family. 
One of the heaviest of all dinosaurs, 
Brachiosaurus is famed for its long front 
legs and elevated shoulder region, which 
gave its back a sloping, giraffelike 
appearance. Its large nostrils sat ina bulge 
above the eyes. Its relative Ultrasaurus was 
large even for a brachiosaurid; it had an 
estimated vertical reach of fifty-five feet. 

CAMARASAURIDS 

The most famous representative of this 
family is Camarasaurus from North 
America. Camarasaurus was a stocky 
sauropod, and neither its neck nor tail 
reached spectacular lengths. The neck 
vertebrae had large hollow spaces for 
lightness, and the neural spines above these 
vertebrae were split in two to allow for the 
passage of a strong ligament to help support 
the head. The skull was short, high, and 

lightly built, and the teeth were spoon- 
shaped. Also known from Europe and Asia, 
camarasaurids first appeared in the Middle 
Jurassic, in the heyday of sauropods, but 
one member of this family, Opistho- 
coelicaudia from Mongolia, if correctly 
identified, lived in the Late Cretaceous, 
near the very end of the age of dinosaurs. 

DIPLODOCIDS 

This family includes the familiar giants 
Diplodocus and Apatosaurus, as well as 
Barosaurus. Most of these sauropods had 
extremely long necks and tails. Diplodocus 
was rather slender in build and reached a 
length of about ninety feet. The recently 
discovered sauropod record holders, 
Supersaurus and Seismosaurus, were 
members of this family and stretched to 
estimated lengths of 125 and 140 feet, 
respectively. Barosaurus had a longer neck 
than Apatosaurus, but the record neck was 
that of the Chinese Mamenchisaurus. At 
thirty-five feet long, its neck measured half 
the total length of its body. The diplodocid 
skulls known so far are long and low, with 
slender, peglike teeth that jut from the front 
of the mouth only. The nostrils were 
situated at the top of the skull, above the 
eyes. The last diplodocid appears to have 
been the Mongolian Nemegtosaurus from 
the Late Cretaceous. 

TITANOSAURIDS 

The most complete titanosaurid, 
Alamosaurus, with just one-quarter of its 
bones found, is also the only member of the 
family found in the United States. The best 
titanosaurid hunting grounds to date are in 
South America and India, where fragments 
of skeletons, many of Cretaceous age, have 
been excavated. Many members of this 
family were rather small; Magyarosaurus 
from Romania was a dwarf at only about 
thirty feet long. The Argentinean 
Saltasaurus, the 
only known 
armored 
sauropod, had 
a coat of bony 
scutes on its back. sf 
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Camarasaurus stride across a mud flat as a Camptosaurus herd passes in the 
distance. This painting is based on a trackway found in Colorado. 

monly identified as “stomach stones”— 
even when dinosaur bones haven’t been 
found within a hundred miles of them. 
Rarely are such stones found with sauro- 
pod skeletons. 

Unlike mammals, sauropods did not 
waste time chewing. After being proc- 
essed in the stomach, food was slowly di- 
gested in the intestine. Barosaurus may 
have had six tons of fermenting plant ma- 
terial in its huge gut at any given time. 
Elephants in the wild ingest about 375 
pounds of fodder over a twelve-hour day. 
For sauropods the setting sun may not 
necessarily have curtailed feeding. The 
need to consume many hundreds of 
pounds of greenery a day may have made 
sleep a luxury. We have learned from 
studies of mammals that large animals are 
generally unselective feeders. Everything 
goes down the hatch: scratchy leaves, 
woody twigs, and chewy bark, as well as 
tender shoots and fleshy fruits. In the Ju- 
rassic, flowering plants did not exist. 
Available plants included cycads, cycade- 
oids, conifers, ginkgoes, horsetails, and es- 
pecially ferns. Prairies of ferns were essen- 
tial features of middle Mesozoic land- 
scapes, and ferns probably constituted a 
major component of sauropod diets. 

Did sauropods also feed at the treetops, 
beyond the reach of other beasts? How- 
ever appealing this image may be, it 
presents several problems. Brachiosaurus 
was built like a giraffe and may have fed 
like one. But most sauropods were built 
quite differently. At the base of the neck, 
a sauropod’s vertebral spines, unlike those 
of a giraffe, were weak and low and did not 
provide leverage for the muscles required 
to elevate and maintain the head ina high 
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position. Furthermore, the blood pressure 
required to pump blood up to the brain, 
thirty or more feet in the air, would have 
placed extraordinary demands on the 
heart (see opposite page) and would seem- 
ingly have placed the animals at severe 
risk of a stroke, an aneurysm, or some 

other circulatory disaster. If sauropods fed 
with the neck extended just a little above 
heart level, say from ground level up to 
fifteen feet, the blood pressure required 
would have been far more reasonable. The 
long neck may simply have served as a 
feeding boom for a stationary mountain of 
flesh. They could have lifted their heads 
with occasional graceful sweeps, blackout 
being prevented by using the carotid si- 
nuses near the brain as reservoirs for 
blood. Sauropods were certainly capable 
of rearing up, or procreation would have 
ceased. But such a posture probably did 
not play a role in daily feeding activities. 

Fossil footprints, sometimes arrayed in 
vast trackways consisting of hundreds or 
thousands of prints, attest to the herding 
behavior of sauropods. Fine examples of 
these have been found in Arkansas, Texas, 
and Colorado. Some of these have been 
studied by James Farlow, of Indiana Uni- 
versity/Purdue University at Fort Wayne, 
and by Martin Lockley, of the University 
of Denver. The Davenport Ranch site in 
Texas is particularly informative. Here a 
few young individuals (with feet twelve 
inches across) were led by older individ- 
uals twice as large. 

Their long legs would have made sauro- 
pods excellent walkers. Because the same 
kinds of sauropods are found over and 
over again from New Mexico to Montana, 
and because the Late Jurassic climate was 

strongly seasonal with long dry periods, I 

believe that sauropods migrated widely on 

an annual cycle to follow the pattern of 
rainfall and plant regeneration. 

Were sauropods warmblooded? Their 

temperatures were both high and almost 

constant. Climates of the Jurassic were 
warm, and sauropod body temperatures 

responded only very slowly, on a time 

scale of several weeks, to external tem- 

perature changes. But did they have high 
metabolic rates? This is the crux of the 
problem of understanding sauropod biol- 
ogy. Arguments about dinosaur metabo- 
lism are usually based on the physiology of 
tiny ectothermic lizards or endothermic 
mice. At large body size, however, the 
familiar differences begin to disappear. 
Unlike some of the smaller dinosaurs, the 
sauropods may not fit comfortably into 
warmblooded or coldblooded categories. 

Biologists James Spotila, Frank Pala- 
dino, and Michael O’Connor discovered 
that the largest living sea turtle, the leath- 
erback, has a metabolic rate nicely inter- 
mediate between those of typical reptiles 
and typical mammals. This metabolic 
strategy, which they called giganto- 
thermy, permits leatherbacks an active 
life style. They migrate long distances ev- 
ery year and maintain warm body tem- 
peratures even in arctic waters. Yet they 
also enjoy the benefits of reptilian energy 
conservation. I joined these researchers on 
the Costa Rican beaches to observe 750- 
pound turtles drag themselves ashore to 
deposit their precious eggs under velvet, 
moonless tropical skies. Then we returned 
to our computers at Drexel University in 
Philadelphia to apply leatherback meta- 
bolic rates to sauropods. Our computer 
simulations suggest that a thirty-ton, or 
three-quarters grown, Barosaurus with a 
high mammalian-level metabolic rate 
would have been at severe risk of fatal 
overheating. As Warren Porter, of the 
University of Wisconsin, put it, an endo- 
thermic sauropod in full sunlight at noon 
would have suffered meltdown. With a 
leatherback metabolic rate, only maxi- 
mum blood flow to the skin would have 
maintained the body temperature in a safe 
range. Our model and those of others 
working independently suggest that only a 
reptilian metabolic rate offered a safe 
physiological strategy for large sauropods, 
especially those living in warm, dry cli- 
mates. The large size of sauropods is prob- 
ably in itself an indication of low meta- 
bolic rate, life in the slow lane. 

Were these giants long-lived? In gen- 
eral, longevity correlates positively with 
body size: large animals live longer than 
smaller ones, but coldblooded ones live 
longer than warmblooded ones of the ~ 



SAUROPODS AND GRAVITY 
by Harvey B. Lillywhite 

Gravity is a pervasive force in the envi- 
ronment and has dramatically shaped the 
evolution of plants and animals. For ani- 
mals, life on land required muscular and 
skeletal adaptations to allow movement and 
mobility. Then, as some land animals 
evolved large body size and adopted an 
erect posture, cardiovascular specializa- 
tions were needed to help them withstand 
the weight of blood in long vertical vessels. 
Perhaps nowhere in the history of life were 
these challenges greater than among the 
gigantic, long-necked sauropods. 

The long-held view of sauropods as lum- 
bering, aquatic swamp dwellers has been 
questioned on physiological grounds. In 
1951, Kenneth Kermack pointed out that 
breathing would have been difficult or im- 
possible for a sauropod up to its head in 
water, because pressure on the neck and 
chest, far under the water’s surface, would 

not have allowed the creature to expand its 
lungs to inhale. Nonetheless, sauropods con- 
tinued to be pictured almost completely 
submerged. 

In the 1970s, Robert Bakker, following 
an idea first proposed by Elmer Riggs as 
early as 1904, reexamined sauropod anat- 
omy and came up with a new vision of the 
creatures as enormous, giraffelike tree 
browsers, more gracile and agile than the 
sluggish giants popular in earlier depictions. 
In spite of their size, sauropods were con- 
ceivably well adapted for fully terrestrial 
locomotion and erect posture, althougli am- 
phibious habits were perhaps equally likely, 
with wading sauropods sometimes using 
water for support. What remains unclear is 
whether sauropods on land held their head 
and neck erect or carried them lower, at the 
level of the body, as in the depiction of 

_ Mamenchisaurus mother and young below. 
The farther away the head is from the 

heart, the more force must be exerted to 
pump blood up to it. An upright Baro- 
Saurus stood as tall as thirty-eight feet and 
had a neck length of some twenty-five feet. 
Consequently, in a Barosaurus with its 
head held high, the heart had to work 
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The longest-necked sauropod, Mamenchisaurus, crosses a mud flat. 

against a gravitational pressure of about 
590mm of mercury (Hg). In order for the 
heart to eject blood into the arteries of the 
neck, its pressure must exceed that of the 
blood pushing against the opposite side of 
the outflow valve. Moreover, some addi- 
tional pressure would have been needed to 
overcome the resistance of smaller vessels 
within the head for blood flow to meet the 
requirements of brain and facial tissues. 
Therefore, hearts of Barosaurus must have 
generated pressures at least six times 
greater than those of humans and three to 
four times greater than those of giraffes. (In 
a standing human the average arterial blood 
pressure is 95mm Hg at heart level.) 

An animal contending with such high 
blood pressure would have needed strong 
arteries and greatly thickened heart muscle. 
Giraffes, for example, have the highest 
blood pressure measured in living verte- 
brates; compared with humans, they have 
relatively muscular arteries and_ thick- 
walled, enlarged hearts. Using a model that 
took into account heart wall stress and 
blood pressures, zoologist Roger Seymour 
estimated the heart size of large, erect sau- 
ropods to have been more than 1.6 metric 
tons, or eight times heavier than that of a 
similar-sized whale having a comparable 
internal heart volume. This may be an over- 
estimate, however, because the structure of 
reptilian hearts allows a smaller wall thick- 
ness for a given stress than does a mamma- 
lian heart. Nonetheless, in most large dino- 
saurs, the ribs around the heart are long, 
suggesting that the cardiac compartment 
was indeed capacious. 

If we look at living snakes, we see that 
arboreal or climbing species have evolved 
both high arterial blood pressure and heart 
positions that are closer to the head than in 
nonclimbing species. Proximity of the heart 
to the head presumably insures that blood 
flow to the head is adequate, regardless of 
body posture, and minimizes the height to 
which blood must be pumped when the 
snake’s head is up. The anatomy of sauro- 
pods, however, did not allow anterior or 

vertical migration of the heart into the neck. 
Therefore, natural selection for elongation 
of the neck must have outweighed the car- 
diovascular disadvantages, unless it pre- 
ceded terrestrial habits. 

Because pressure increases with depth in 
any continuous fluid system, such as that in 
arteries, pressure in the legs of Barosaurus 
must have been greater than at heart level 
and could conceivably have reached 900 to 
1,000mm Hg in the lower legs and feet. 
Such tremendous pressures pose serious 
dangers of tissue swelling due to excessive 
leakage of fluid from capillaries. Capillary 
pressures in the legs of Barosaurus were 
probably adjusted by muscular constriction 
of smaller arteries, which reduces down- 
stream pressures. (Similar adjustments 
must have been required to regulate blood 
pressure in the brain whenever the head 
was lowered, for example, when the animal 

was drinking.) In giraffes, swelling is 
counteracted by the tight leg skin, which 
acts somewhat like support hose to raise 
pressures in underlying tissue fluids sur- 
rounding the capillaries and small vessels. 
The expansion of arteries can be partly 
counteracted by thickened, muscular walls. 
Other mechanisms that regulated the level 
of plasma proteins, rates of lymph flow, and 
placement of valves in veins might also have 
helped prevent swelling in the pillarlike legs 
of sauropods. 

Finally, terrestrial sauropods would have 
required complex lungs, similar to those of 
living active reptiles or perhaps mammals. 
In all vertebrates studied so far, lung func- 
tion depends on blood flow that is at uni- 
formly low pressures (relative to the pres- 
sures in other parts of the animal). 
Sauropods, then, most likely had hearts ca- 
pable of producing large differences in 
blood pressure between the lungs and other 
circuits of the body. This would have re- 
quired either extreme modification of the 
resistance to blood flow somewhere be- 
tween the heart and lungs or the evolution 
of a four-chambered heart as in crocodiles, 
birds, and mammals. 

Perhaps no analogy with living animals 
will ever give us a true picture of exactly 
what was involved in such a monumental 
blood-delivery system as that of Barosaurus 
and its long-necked relatives. Nonetheless, 
paleophysiology can add to our understand- 
ing of the variety of animal designs possible, 
as well as evoke a richer picture of how the 
mammoth dinosaurs might have lived. 

Harvey B. Lillywhite, a professor of zool- 
ogy at the University of Florida at Gaines- 
ville, studies the physiology of snakes and 
other long-bodied animals. 



Two Allosaurus pursue a young ultrasaur 
buffered by the pillarlike legs of adults. 
Sauropods, like elephants, may have 
traveled with the vulnerable young in the 
middle of the herd. 
© 1988 John Gurche 

same size. If sauropods had mammalian 
levels of metabolism, they probably grew 
quickly to maturity and had life spans of 
fifty to one hundred years at most. If they 
had reptilian metabolic rates, life spans 
would conceivably have been measured in 
centuries. Arthur Dunham, of the Univer- 
sity of Pennsylvania, and his colleagues 
argued against warmbloodedness, but 
they believe that all dinosaurs were re- 
productively mature by the age of twenty 
at the latest, otherwise survival rates of the 
young would have to have been impossibly 
high to maintain the population. 

Did Barosaurus lay eggs? As far as we 
know, ail dinosaurs laid eggs. But we 
really don’t know very much. Eggs and 
nests have been found in association with 
very few kinds of dinosaurs. The largest 
dinosaur eggs known, from southern 

France, have the volume of two-liter soda 
bottles and have been attributed toa small 
sauropod, Hypselosaurus. We have abso- 
lutely no direct evidence yet of the size of 
the eggs of the great sauropods. Eggs of 
the extinct elephant bird from Madagas- 
car have five times the volume of the sup- 
posed Hypselosaurus eggs, so presumably 
no physiological reason prevented the 
development of even larger dinosaur eggs. 

I view sauropods as somewhat stately, 
slow-moving titans. Others will disagree. 
Far from the pinnacle of dinosaur success, 
they were, I believe, archaic herbivores. 
Their large sizes, small heads, simple 
teeth, and tiny brains served them well for 
millions of years. But in the Cretaceous, 
more progressive, large-headed, larger- 
brained dinosaurs appeared, and vegeta- 
tion changed. The moist lowlands of the 
Late Cretaceous, some 70 million years 
ago, had fast-growing, weedy, flowering 
plants and deciduous trees of small stat- 
ure. In the drier habitats of the Jurassic 
where the sauropods thrived, the domi- 
nant plants grew more slowly. The teeth of 
Cretaceous duck-billed and horned dino- 
saurs were far more complex than those of 
sauropods and processed the food of the 
new flowering plants far more efficiently 
than sauropods ever could. The old giants 
retreated to southern continents, where 
the newcomers did not flourish. Nonethe- 
less, some kinds of sauropods straggled on 
to the close of the age of dinosaurs. Skele- 
tons such as the Museum’s towering 
Barosaurus give testimony to one of na- 
ture’s grandest extravagances. A 
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Barosaurus on Central Park West 
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Old bones, shrewd deals, and engineering feats 
result in a new display at the American Museum 

by Mark Norell, with Lowell W. Dingus and Eugene S. Gaffney 

The time is about 150 million years ago; 
the place, a sparsely forested plain in an 
area that will one day become the arid 
mountains and deserts of western North 
America. A female Barosaurus, one of 
the largest animals ever to have walked 
the earth, and her offspring are peacefully 
feeding on plants. Suddenly, their forag- 
ing is cut short by the appearance of a 
hungry carnivore, Allosaurus. The lone 
hunter knows better than to attack the 
sixty-ton mother; pivoting, it rushes in- 
stead at the terrified baby. The young 
quarry attempts to hide behind its mother, 
dodging both her lashing tail and the Allo- 
saurus’s deadly teeth and claws. In a final 
effort to protect her young, the Baro- 
Saurus rears up to a height of some fifty 
feet to fend off the attacker with her pow- 
erful forelegs or crush it under the weight 
of her immense body. 

What is the sequel to this Jurassic 
drama? Maybe the giant Barosaurus 
mother is lucky and repels or kills the 
predator. Or perhaps the agile Allosaurus 
rips into the baby and proceeds to devour 
it as the mother flees in panic. 

The effort to imagine dinosaurs as liv- 
ing organisms, facing challenges similar to 
those that confront animals today, was the 
inspiration for the new exhibit in the Theo- 
dore Roosevelt Memorial Hall, or Ro- 
tunda, of the American Museum of Natu- 
ral History in New York. A mother Baro- 
Saurus towers above the Rotunda’s floor, 
protecting her young from a predator. The 
dramatic and controversial pose gives 
viewers an idea of the dynamism that can 
reside in fossil relics. The effect produced 
by the most modern fabrication and fossil- 
mounting methods heightens both the ro- 
mantic history and the grandeur of the 
fossils. 

The story of how the Barosaurus came 
to the American Museum starts almost a 
hundred years ago. Much of the Muse- 
um’s huge collection of dinosaur remains 
was assembled in the late 1800s and early 
1900s, during what has been called the 
golden age of dinosaur exploration. When 
a mother lode of fossils began to emerge in 
the American West, the Museum and 
other natural history institutions in North 
America, competing openly to acquire ex- 
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tensive collections and discover new spe- 
cies, began a “bone rush.” 

Under the direction of Henry Fairfield 
Osborn, the first chairman of the Muse- 
um’s Department of Vertebrate Paleon- 
tology, veteran bone hunters Walter 
Granger, Barnum Brown, and William 
Diller Matthew sent tons of fossils to New 
York. During the golden age, so much 
material was excavated that many speci- 
mens collected as long as a century ago 
still have not been thoroughly studied, 
prepared, or placed on public exhibition. 
Huge bones, some of them in their original 
wooden shipping cases, remain stored in 
the Museum’s labyrinthine basement. 

The dinosaurs in the Rotunda mount 
were found in the Morrison Formation, a 
fossil-rich rock unit stretching from New 
Mexico to Montana. This formation has 
yielded many remains of sauropods—the 
huge quadrupedal plant eaters, including 
Barosaurus and its relatives, that lived 
mainly in the Jurassic period, some 213 to 
144 million years ago. Barosaurus is one 
of the rarest of all North American dino- 
saur fossils, and the adult and young on 
display are the only publicly exhibited 
specimens of these dinosaurs. The recon- 
structed adult, which is unusually com- 
plete for any dinosaur specimen known— 
80 percent of the material is original—is 
also the most complete specimen of a 
Barosaurus ever collected. 

The adult was unearthed between 1912 
and 1914 in what is now Dinosaur Na- 
tional Monument in Utah. It might have 
ended up as spare parts divided among 
three different institutions if not for the 
foresight and perseverance of Barnum 
Brown, the American Museum’s foremost 
dinosaur collector. 

About 1919, the heyday of collecting at 
this Utah site was drawing to a close when 
the principal excavator, Earl Douglass, of 
Pittsburgh’s Carnegie Museum, discov- 
ered two remarkably well preserved sauro- 
pod skeletons. One of the skeletons went to 
the Smithsonian Institution, the other to 
the University of Utah. Later, when the 
University of Utah needed parts of a 
Diplodocus for a display, it traded a sec- 
tion of the Barosaurus tail to the Carnegie 
Museum for neck parts. The neck eventu- 



Sauropod bones are embedded in rocks of the Morrison Formation in Dinosaur 
National Monument, Utah. A vast rock unit, the Morrison Formation is 
especially rich in sauropod fossils, many of which have not yet been excavated. 
Willard Clay 



FossiL Horse TRADING 
The following confidential memo- 
randum from the archives of the 
American Museum of Natural His- 
tory provides details on some of the 
exchanges that brought the widely 
dispersed Barosaurus skeleton to the 
American Museum: 

REPORT ON BAROSAURUS 

Supplementing my report of July 
26, 1929. I again visited Salt Lake 
City in December and secured the 
following agreement from Dr. [Fred- 
erick J.] Pack who has authority from 
the President and Trustees of the Uni- 
versity to act in their behalf in this 
negotiation. 

Value of specimen agreed upon 
$5000. Terms $2,500 in cash, balance 
in trade. 

Specimens desired by University of 
Utah: a three-toed horse skeleton (we 
can supply a composite skeleton), and 
other mammal material to make up 
difference. American Museum to 
box, ship and pay transportation 
charges on Barosaurus. 

This agreement I consider fair with 
full value coming to the American 
Museum providing we can secure the 
remainder of this skeleton. 

The part of this Barosaurus skele- 
ton in the National Museum consists 

of the last ten cervical vertebrae with 
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Bone collector Barnum Brown and his wife, Lilian, at Howe Quarry in 1934 

ribs; three anterior dorsals; left scapu- 
la and humerus. It has cost $3,400 to 
clean and restore it (Laboratory 
records). 

[Charles W.] Gilmore (confiden- 
tially) favors an exchange and desires 
a free mountable skeleton of Gorgo- 
saurus. Dr. [Alexander] Wetmore 
does not favor disposal of this Baro- 
saurus neck (from conversation re- 
ported by Gilmore). 

American Museum can offer the 
following specimen in exchange: 
Gorgosaurus No. 5434. Skull and 
jaws, all cervicals, and dorsal verte- 
brae, all ribs, forelimbs, one femur. 
Sacrum, hind limbs, except one fe- 
mur, will be cast. 

Cost of preparing and casting hind 
limbs and part of tail $4,123. To finish 
tail and sacrum $450.—total cost 
$4,573. (Cost taken from Laboratory 
time sheets and exclusive of collecting 
and transportation charges). 

The caudal series of this skeleton 
nine or ten vertebrae in the Carnegie 
Museum are preserved in two blocks, 
348/A and 349/B according to their 
quarry charts. 

So far no negotiations have been un- 
dertaken to secure this part of the spec- 
imen. 

A.M.N.H. 
Dec. 31, 1929 
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ally proved to belong not to a Diplodocus 
but to a Barosaurus. 

As a result, the bones of the rare Baro- 
saurus were dispersed to three different 
institutions. Barnum Brown, recognizing 
the skeleton’s importance, came up with a 
plan to unite the bones in New York, even 
though the American Museum owned 
none of the material and had not even 
participated in its excavation and prepara- 
tion. In 1929, Brown negotiated with the 
three institutions in an effort to consoli- 
date the specimen in New York. Accord- 
ing to some of his original correspondence, 
the deal called for a combination of fossil 
trades and cash payments between the 
American Museum, the Carnegie, the 
University of Utah, and the Smithsonian. 
In the end, Brown’s bargaining helped the 
American Museum acquire the bones for 
far less than it would have cost to collect 
them in the field. 

The Roosevelt Rotunda mount reflects 
the legacy of many early paleontologists 
and the efforts of contemporary scientists 
and fossil preparators. During our lunches 
here at the American Museum, Gene 
Gaffney, Lowell Dingus, and I—mem- 
bers of the Department of Vertebrate Pa- 
leontology—developed the idea of mount- 
ing a sauropod on its hind legs. The first 
drawings were blurry sketches made on 
damp napkins. In the beginning, none of 
us really believed that our wishful specula- 
tion would eventually lead to the re- 
construction in the Rotunda. 

After developing a preliminary design, 
we got to work. All the original bones, 
stored in the collection for sixty years, had 
to be cleaned and repaired. Many of their 
glue joints had cracked, and some of the 
pieces were scattered. Only about a fifth 
of the skeleton was missing, but each of 
these pieces, including the skull, several 
limb bones, and part of the tail, had to be 
modeled to complete the skeleton. 

The replacement parts were modeled in 
Toronto, Canada, by Research Casting 
International, an organization that spe- 
cializes in fabricating and mounting dino- 
saur casts. Under the direction of Peter 
May, the technicians at Research Casting 
sculpted each individual missing bone in 
clay, basing the shapes on the remains of 
more completely known close relatives of 
Barosaurus, in particular, its contempo- 
rary Diplodocus. According to John S. 
McIntosh of Wesleyan University, the 
premier scholar of sauropod relationships, — 
this better-known Jurassic sauropod so 
closely resembles Barosaurus that many 
partial skeletons and isolated bones long 
considered by paleontologists to be the 
remains of the rather common Diplodo- 
cus may actually belong to Barosaurus. — 



The Museum’s adult Barosaurus was fabricated bone by bone by 
the technicians of Research Casting International in Toronto, Canada. 
Molds of each bone were cast, top, and then mounted, below. 
Photographs by Paul von Baich 

The weight of the original Barosaurus 
bones—a single vertebra weighs up to 200 
pounds—would have made mounting the 
actual fossils impossible without thick 
structural supports. In addition, the pose 
of the adult Barosaurus in its rearing 
stance of fifty feet above the Rotunda 
floor demanded the lightest of materials. 
So, after the modelers had sculpted the 
missing elements, they made a duplicate 
of the Barosaurus bones by coating them 
with latex, which, when cured, formed a 
rubber mold. These molds were cast with 
polyurethane foam to provide sturdy but 
light replicas of the original fossils. Those 
that would stand near the ground were 
cast in higher-density and more durable 
materials, while those higher up were 
made of lighter substances. The weight of 
the neck vertebrae seems to have been a 
functional consideration even for the liv- 
ing Barosaurus. The sauropod solution 
was the development of large pleurocoels, 
or air spaces, in the vertebrae, which light- 
ened the bones without compromising 
strength. The extreme complexity of these 
vertebrae made them the most difficult 
part of the skeleton to mold and cast. 

The construction of the juvenile sauro- 
pod presented its own problems. The only 
material in our collection consisted of 
some neck vertebrae and a crushed skull 
collected at Howe Quarry in north-central 
Wyoming. Discovered and excavated by 
Barnum Brown, Howe Quarry was one of 

the richest accumulations of dinosaur re- 
mains ever found. Unfortunately, most of 
the material found was disarticulated, ly- 
ing in a large jumble of bones, so deter- 
mining what bones belonged to what ani- 
mal was problematic. 

Because the juvenile Barosaurus is so 
fragmentary, most of the body needed to 
be sculpted in clay and then cast. Bone 
shapes and proportions were determined 
from more complete skeletons of closely 
related species. However, juvenile and 
baby animals are not just miniature 
adults; many of the differences that distin- 
guish an adult Barosaurus from an adult 
Diplodocus may not be apparent in the 
young. In the process of growth, bones 
change not only in size but also in shape 
and in relation to other bones in the skele- 
ton, much as puppies’ bodies grow at a 
relatively faster rate than their paws. 
Structural transformations, such as the 
appearance of antlers in adult deer, may 
also arise at various points. To reconstruct 
the skeleton of the young Barosaurus, we 
have attempted to use what little informa- 
tion we have concerning the body propor- 
tions and anatomical structure of these 
animals. 

The third animal in the grouping, the 
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After sections of the bodies of the dinosaurs were mounted, technicians, 
engineers, and palec mntologists moved their shop to an empty parking lot to piece 
together the entire skeletons, The darting Allosaurus, below, was eventually 
balanced by steel strung from one ankle. A few vital vertebrae still missing, the 
adult Barosaurus rears next to a cherry picker, right. 
Photographs dy Paul von Baich 

sprinting Allosaurus, was the easiest to 
fabricate. Thanks to the discovery of a 
remarkable deposit, the Cleveland-Lloyd 
Quarry in central Utah, almost every 
bone in the skeleton is known. During the 
thirty years that it has been excavated by 
Jim Madsen, of the University of Utah, 
the quarry has produced the remains of 
scores of A/losaurus individuals of differ- 
ent size classes. Some paleontologists sus- 
pect that this A//osaurus graveyard is a 
remnant of a particularly dangerous river 
crossing or quicksand deposit that en- 
trapped the agile carnivores. 

Mounting the Allosaurus in its dy- 
namic running posture was a more diffi- 
cult task. Special steel, chosen in consulta- 
tion with a structural engineer, was 
needed to create the armature, or sup- 
ports. The steel at the ankle of the A/lo- 
saurus had to be strong so as to support 
the animal at an extreme angle from only 
a single point. The armature along the 
spine and the tail needed to be light but 
rigid. The finished product is an almost 
invisible framework strong enough to sup- 
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port fifty pounds hung from the tip of the 
tail with no deflection. 

Finally, we had to choose what kind of 
base to mount the animals on. Because we 
do not know exactly what kind of terrain 
this battle may have been played out on 
150 million years ago, we opted for a 
purely aesthetic choice. What better than 
a replica of actual fossil-producing rocks? 
During the summer of 1991, Gene 
Gaffney and Peter May located a likely 
site, a small hillock in the Paleocene 
Tullock Formation in eastern Montana. 
Moving a fragile clay section of land this 
size would have been a monumental ef- 
fort, so a thin layer of latex rubber was 
sprayed over the terrain to form a large 
sheet mold. The mold was then sent to the 
shop of Research Casting International in 
Toronto, where it was cast and painted. 
This exact replica of a small piece of the 
Montana prairie now forms the base of the 
New York exhibit. 

Probably the most controversial aspect 
of our mount is the pose of the dinosaurs 
themselves. Was Barosaurus capable of 

standing on its hind legs? Would it have 
protected its young in this fashion? And 
would the A//osaurus have launched such 
an attack? Although much has been writ- 
ten recently about the behavior and ca- 
pabilities of these Mesozoic giants, little 
actual evidence regarding their behavior 
and physical limitations can be deter- 
mined from the bones themselves. While 
issues such as the diet, color, physiology, 
and behavior of various dinosaurs hold 
great appeal, any pronouncements on the 
habits of animals that went extinct more 
than 66 million years ago are highly specu- 
lative. Rigorous scientific tests of many 
current theories are not possible within the 
context of the available evidence—the 
fossils. So, while scenes like ours may 
seem spectacular and seductive, beware! 
They represent only one of the many pos- - 
sible scenarios that may have occurred 
150 million years ago. Because they have 
long vanished from the earth, leaving no 
close living relatives that we can observe 
in the wild, the giant sauropods will always. 
retain much of their mystery. O 
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This Bug’s for You 
by Steven N. Austad and Randy Thornhill 

Photographs by Mark W. Moffett 

Their bad reputation notwithstanding, 
female spiders rarely attack and devour 
their mates. Even in the case of the 
infamous black widow, if a male courts at 
the proper time and approaches the 
female with the proper caution, he will 
survive the encounter. The females of the 
species Pisaura mirabilis, however, do 
like to snack while they mate and will 
consider only a suitor bearing a large 
nuptial gift—in the form of a fat, juicy 
insect. The courtship ritual of this 
common European nursery web spider is 
unique among the 30,000 or so known 
species of spiders. Upon reaching 
maturity the males virtually cease eating. 
They turn solely to courtship, and instead 
of devouring the insects that they ambush, 
they carefully wrap the prey, clasp the 
silk-enshrouded corpses in their jaws, and 
set off in search of mates. 

Once a male locates a female, he 
approaches her cautiously and tilts 
backward to present the prey held in his 
jaws. At the same time, he raises and 
vibrates his pedipalps (two short, leglike 
appendages on either side of his jaw, 
which contain special sperm storage sacs). 
The female passes her own pedipalps over 
the insect, as if measuring its size with 
calipers. She will summarily reject males 
bearing very small nuptial gifts and 
simply walk away. If the gift is acceptably 
large, the female bites into it and begins 
feeding, but she may walk away to eat it 
elsewhere, dragging the hapless male 
beneath her. 

Once she is occupied with her meal, the 
male gingerly releases his grip on the prey 
and swivels underneath the female to 
insert a pedipalp into one of two openings 
in her abdomen. After mating for about 
an hour, he swivels back to his original 

Grasping a katydid in his jaws, 
a male nursery web spider prepares 
towrap his catch. 
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The spider below finishes wrapping his 
prey with thick bands of silk from his 
spinnerets. Right: Carrying the nuptial 
gift beneath him, the male (right) 
approaches a female. They tap with 
their first two pairs of legs to verify 
each other’s identity. 

position, briefly bites the prey, then pivots 
in the opposite direction to fertilize the 
female’s second genital opening with his 
other pedipalp—a process that takes 
another hour. The male bites into the prey 
one last time—an act that often 
precipitates a furious struggle for its 
possession. If he succeeds in wresting it 
from the female, he may rewrap it and use 
it again. 

The quality and quantity of silk that the 
male produces are pivotal to the outcome 
of these sexual encounters. A nuptial gift 
can be made larger and more enticing if 
wound in many layers of silk; evena 
smallish insect becomes acceptable if 
suitably wrapped. This is not quite the 
deception that it appears, however, for 
spider silk is high in protein, and females 
consume the wrapping as eagerly as they 
do the gift. Furthermore, the silk is costly 
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for the fasting male to produce because it 
uses up precious calories. 

The silk serves another important 
function: during copulation, the male’s 
only hold on the nuptial gift is a tether of 
silk attached to his spinnerets. Because a 
female will often try to make off with the 
gift before the male has completed 
transferring his sperm or sometimes 
without mating at all, the strength of the 
silk line is vital in holding on to the 
insect—and his mate. Even very large 
prey are substantially wrapped to protect 
against theft by larcenous females. 

By mating only with those males that 
can provide large insects and that can 
prevent her from stealing them, the 
female insures that her offspring will 
share the genes of males with beneficial 
attributes. But the female benefits from 
the nuptial gift in several other ways. Its 





The male (left) holds his vibrating 
pedipalps high while the female bites 
into the wrapped insect, using her 
pedipalps to assess its size. 

size undoubtedly has a bearing on how 
many eggs she can lay. (We have found 
that P mirabilis fed one housefly per day 
produce nearly twice as many eggs as 
those given one fly every three days.) And 
since the nuptial gift is one of the last 
meals a female will have, its size also 
determines whether she will survive long 
enough to protect her offspring until they 
molt and disperse to hunt on their own. 
After laying her eggs, she will not eat 
again. The single batch of eggs is her 
lifetime reproductive effort, and her 
devotion to protecting the egg sac is 
total—leaving no time for hunting. For 
several weeks, she carries the egg sac in 
her jaws and immures herself within a 
silken cocoon, leaving only to warm her 
eggs in the sun. Then shortly before the 
spiderlings emerge, she constructs a 
tentlike nursery web, suspends the egg sac 
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inside it, and guards it with her life. This 
care is essential; when we removed some 
females from their guard duty, spiders of 
other species quickly moved in and 
devoured the young. 

Parasitic ichneumonid wasps are 
another threat. They can pierce the 
spider’s egg sac and place a single egg of 
their own inside. The egg quickly hatches, 
and the wasp larva eats all the spider eggs 
before pupating, leaving the unknowing 
female spider fiercely guarding a young 
wasp. The rate of this parasitism rises 
from zero to more than 40 percent of the 
egg sacs as the summer progresses. 
Mating early in the season is therefore 
vital. But so are a few good meals. Well- 
fed females tend to produce eggs earlier 
and the eggs develop several weeks faster, 
reducing the likelihood that the clutch will 
fall prey to wasps.0 
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Using the shiny, bean-shaped sac 
at the end of one pedipalp, the male 
transfers his sperm to the female, 
who is busy feasting on the prey. 

A female carries an egg sac in her 
jaws for about three weeks before 
building a nursery web. 
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Yellowstone’s mice and voles protect 
themselves from the cold by living 
in tunnels under the snowpack, but 
occasionally they may visit aboveground 
shelters, such as this marsh wren’s 
nest, right. Thanks to their big size 
and bulk, moose, below, can produce 
more heat than they need to keep warm, 
even on breezy winter days. 

t was the winter of 1978, the coldest on 
record in North America. One night 
in January, temperatures at my camp 

on the Lewis River in Yellowstone Na- 
tional Park fell to —54° E the tenth night 
in a row the thermometer had dropped 
below the —40° F mark, and saucer-sized 
hoarfrost crystals lined the river’s edge. 

The next morning, as I welcomed the 
first rays of sunlight, a coyote pranced into 
view, paused, listened, and then pounced, 
sticking its nose beneath the snow in pur- 
suit of a vole. About half a mile away, an 
elk plowed through the chest-deep snow, 
browsing on lodgepole pine needles. An 
increasing sensation of cold in my toes 
reminded me to wiggle them as a protec- 
tion against frostbite, for at such low tem- 
peratures, energy—in the form of heat— 
is quickly drawn out of the body. 

Energy, or perhaps more accurately, 
coping with the lack of it, is the key to 
winter survival. Winter itself is the result 
of a loss of energy: as the earth moves 
around the sun, the tilt of its axis causes 
the Northern Hemisphere to slant away 
from the sun during the winter months. 
Every sunbeam of incoming radiation 
must cover a larger area in winter, which 
results in a significant reduction in the 
amount of energy (measured in Calories, 
or Cal) per given unit of area. Each day in 
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A coyote, left, feeds ona dead elk. 
Omnivorous scavengers, coyotes make 
carrion a big part of their diet in winter, 
but they also dive through snow after 
rodents and race along hard snow crust in 
pursuit of larger prey. Below: To rest, 
coyotes curl up in soft snow, preferably 
where there is protection from the wind. 

December, for example, every square inch 
of the Yellowstone area receives an aver- 
age of 4.080 Cal of solar radiation, while 
energy lost from the earth’s surface aver- 
ages 4.118 Cal per square inch, producing 
a net loss of 0.038 Cal. (In June, by con- 
trast, every square inch receives 1.850 Cal 
more than it loses.) 

The most obvious and striking results of 
Yellowstone’s winter energy deficit are 
the polar air masses that pour in from the 
north and the snow that often covers the 
region for six months or more. For the 
animals of Yellowstone, the margin for 
survival in the long winter is often narrow, 
and a few calories may be the difference 
between death and sprawling in the green 
grass of spring. Since 1970, I’ve studied 
the progression of winter in the Greater 
Yellowstone Ecosystem, watching those 
animals that make it and those that don’t. 
(The Greater Yellowstone Ecosystem in- 
cludes Grand Teton and Yellowstone na- 
tional parks and all the national forests 
surrounding them.) 

Faced with dramatic energy loss each 
fall, animals generally resort to one of 
three basic strategies: they may migrate, 
hibernate, or face the cold and snow head- 
on. Those that leave for the south, such as 
white pelicans and most of the region’s 
great blue herons, do so by about October. 

The great blues are gone for only a few 
months, some returning by February to 
look for nests. Other animals migrate to 
lower elevations. By November, great 
herds of elk—often single-file processions 
led by an old cow—wend their way down 
from summer meadows in search of a win- 
ter range where only a thin blanket of 
snow covers the grass from the summer 
growing season. Many creatures—such as 
reptiles, jumping mice, marmots, and 
bears—hibernate, disappearing usually 
until spring. 

Those animals that remain active must 
contend with what may be the coldest, 
harshest winter conditions in the contigu- 
ous United States. The Yellowstone pla- 
teau is perched high in the central Rocky 
Mountains and surrounded by lofty moun- 
tain peaks. Official U. S. Weather Bureau 
records for Montana and Wyoming list 
record lows of —70° and —63° FE respec- 

tively. Unofficially, temperatures on the 

landlocked plateau drop much lower, and 

cold snaps often last for weeks. Snowfalls, 

which begin in September, add up to an 

average of 600 inches per winter and may 

last into June. 
Preparations for winter are critical. 

Many species store food. I have watched 

nonhibernating pikas (rock “rabbits” of 

the alpine boulder fields) and pocket go- 

phers making bushelbasket-sized caches 
of greens and roots, respectively. The pi- 
kas store their hay above ground in boul- 
der fields; gophers cache their supplies 
below ground and in the snowpack. Many 
animals add body fat: black bears put on 
as much as four inches of fat prior to 
hibernation. Other types of physical 
changes are also common. Following coy- 
ote tracks, I can tell when additional hair 
begins to grow on the animals’ feet, to 
reduce heat loss via conduction to winter 
snows. All species molt to their thicker 
winter coats; even chickadees add more 
feathers. Some change color: weasels, for 
example, molt to white, becoming winter 
ermines. 

The timing of color change is crucial. 
Normally, the snowshoe hare’s internal 
clock coincides with the coming of snow, 
and its white phase hides it from all but 
the sharpest eyes. But when snow has been 
late in coming, I have seen the white hares 
sharply outlined against brown autumn 
vegetation, sitting ducks for raptors. 

The snow, or nivean, environment pro- 
vides two dramatically different situations 
for active, wintering wildlife: above and 
below the snowpack. Like all of the re- 
gion’s large mammals, moose must make 
a go of it above. To estimate the energy 
budgets of these 900-pound animals, War- 
ren Porter of the University of Wisconsin, 
physician Roy Ozanne, graduate student 
Steve Beaupre, and I measured solar radi- 
ation, temperature, and wind speeds in 
different environmental settings. Next we 
calculated how much energy a moose 
would lose or gain in various situations. 
(The most familiar form of energy loss is 
heat transfer.) The computer model we 
came up with led us to conclude that even 
on a breezy winter afternoon, a moose 
produces more heat than it needs to keep 
warm. Indeed, during the warmest part of 
a winter day, we often find moose on 
shaded, north-facing slopes trying not to 
overheat. On the same day, elk, with a 
smaller body mass and less insulation, 
bask in the sun on south-facing slopes. 

At night, the energy budget of a moose 
does go into the “red.” Being out in an 
open meadow on a calm night at 23° F is 
energetically expensive, costing the moose 
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A snowshoe hare may enhance the 
camouflage effect of its white winter fur 
by sitting absolutely still. If necessary, 
however, it will dash away across the 
Snow, springing on its outsize hind feet. 

about 4.55 Cal of energy per hour—the 
equivalent of 1.6 Snickers bars per hour. 
By moving at night from the open meadow 
into the coniferous forest, where radiant 
energy from the trees and lower wind 
speed help keep it warm, the moose can 
cut its heat loss by more than one-third. 
When the cover of the forest is not 

enough to stave off the cold, some large 
mammals take advantage of Yellow- 
stone’s abundant sources of geothermal 
energy. Through steam fumaroles, mud 
pots, and geysers, heat from the interior of 
the earth reaches the surface. Elk and 
bison often wallow on the snow-free 
ground created by thermal activity and 
bask in steam from hot pools or geysers. 

Saunas may help take the edge off the 
cold sometimes, but life during the winter 
for Yellowstone’s herbivores is always a 
race with starvation. Calories stored as fat 
during the summer must last all winter, 
when little food is available and what is 
found by pawing through the snow is of 
low quality. Carbohydrate- and protein- 
rich grasses from the summer transport 
their nutrients below ground in the winter, 
leaving behind only the dried, hard cellu- 
lose stalk for elk to feed on. As Norm 
Bishop, the research interpreter for Yel- 
lowstone National Park, says, “It’s as if 
your annual budget of food consisted of a 
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box of cereal. During the summer you 
fatten up by eating all the cereal; during 
the winter all that is left to eat is the box.” 

Moose and elk face other problems dur- 
ing the winter. They themselves are a 
source of food not only for predators but 
also for parasites. Winter ticks feast on 
them. Skiing on backcountry trails in 
March, I often find moose beds stained 
red with blood from engorged ticks 
smashed when a moose rolled over. Large 
tufts of hair lying in the bed attest to the 
irritation caused by tick activity. Elk must 
deal with mange mites. These small rela- 
tives of spiders feed on the skin surface 
and cause hair loss, mostly in mature 
bulls. Massive amounts of hair may fall 
out, leaving nearly bald elk without their 
insulating fur coat. Weakened by anemia 
and the loss of blood and hair, many 
moose and elk simply do not have the 
energy reserves to survive. 

Predators and scavengers benefit from 
the misfortunes of others. An old bull elk 
has few fat reserves left after maintaining 
a harem for breeding during the fall. Too 
weak to plow through the snow, he may 
slowly starve to death, or a mountain lion, 
a grizzly bear, or coyotes may come along 
to speed things up. Coyotes in Yellow- 
stone often hunt in packs. I once watched 
three coyotes kill an elk calf while its 

mother tried to protect it. One coyote 
would attack, drawing the attention of the 
mother, which would chase it off, while a 
second coyote would rush in and bite the 
calf. Eventually the calf died and was 
dragged off by the coyotes. As a pack, 
coyotes can protect their food from such 
formidable adversaries as mountain lions. 

Even for coyotes, though, getting along - 
in winter is not an easy trick. During the. 
winter, a coyote must often travel long 
distances to find food, whether carrion or 
some small mammal holed up beneath the 
snow. The coyote’s demise can be the 
snow surface. Unlike the moose, which 
can use its great bulk and long legs to plow 



As streams freeze over, fish become 
prizes worth fighting for. This bald 
eagle has a cutthroat trout firmly in its 
grasp, but the hungry raven cannot 
pass up the possibility, however 
remote, of a fish dinner. 

through snow up to three feet deep, the 
coyote must learn to negotiate the differ- 
ent types of snow. Coyotes detect surface 
changes in the snow through their feet. 
Tracking them on skis, I can tell from 

their footprints that they walk carefully on 
soft snow (trying to avoid sinking in too 
deep), trot on medium snow (but lightly, 
to avoid breaking through thin crusts), 
and lope on hard snow crusts. Coyotes 
often follow wind-packed courses on the 
leeward side of exposed sagebrush, avoid- 

ing careless steps to the side where the 
snow is soft. When the crust is hard 
enough, they can sometimes travel fast 
enough to outrun prey. 

Patches of snow too soft for traveling 
may make a good bed, the coyote curling 
up to be gently covered by a blanket of 
blowing snow. The coyote’s tactile sensi- 

tivity also enables it to know when it is safe 

to dive headfirst into the snow after a vole 
and when the snow is too hard. 

Following the trail of a coyote can be an 

interesting lesson in energy conservation 

and, sometimes, humility. One winter 

night, as I sat gazing across the frozen 

expanse of Yellowstone Lake, a coyote 

loped into view on the lake ice. I squeaked 
like a mouse, and from a half mile out the 

coyote turned and approached me. Per- 
haps 100 feet away, it realized something 

was not right, turned, and trotted off in the 

direction of my camp. Returning to camp, 
I discovered my pots gone from beside my 
tent. In the moonlight, I located coyote 
tracks and followed them a quarter mile 
onto the ice. There were the pots in a pile. 

As I cooked breakfast the next morn- 
ing, the full intent of the coyote’s prank 
became apparent. A strong, acrid odor 
signaled the melting of coyote urine in my 
oatmeal pot. The coyote had scent marked 
my pots, telling me that this was its terri- 
tory and that it didn’t appreciate my trick. 

Traveling through Yellowstone, I have 
noted two animals that seem to thrive on 
winter: river otters and dippers. As much 
of a cliché as it may seem, for otters, 
wintertime is playtime. Riverbanks near 
their dens are covered with slides, and I 
have watched them repeatedly climb 
banks seemingly just for the pleasure of 
sliding right back down. Where thermal 
activity along the shore of Yellowstone 
Lake opens up pools, otters will toboggan 
on the flat ice surface to open water a mile 
away. 

Dippers, or water ouzels, are short- 

tailed, dark gray birds that live along 
stream edges year round. Even at —40° F 
they wade into rushing streams and, while 
completely submerged, search for aquatic 
insects and small fish. At first the idea of 
these little birds engaging in polar-bear- 
club dips at subfreezing temperatures 
bothered me. Wouldn’t these dips be ener- 
getically costly? Shouldn’t a wet bird lose 
heat rapidly? When the air temperature is 
—40° EF however, the water is actually 
seventy-two degrees warmer than the air. 
Back at the surface, water is quickly shed 
from the feathers before it can freeze, 
thanks to. a large waterproofing preen, or 
oil, gland. 

As long as open water can be found, 
neither otters nor dippers seem to suffer 
from the food shortages that confront 
other Yellowstone inhabitants. Fish and 
aquatic insects are always abundant and 
probably slower moving—thus easier to 
catch—because of the colder water tem- 
peratures. During very cold winters, when 
the upper reaches of Yellowstone’s 
streams freeze, both otters and dippers 
move to open water downstream. 
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Below the snow there is a different 
world. Snow is a remarkable material, pro- 
viding insulation and support for winter 
housing. For the small mammals of this 
subnivean realm, however, the timing of 

the first snowfall each autumn is critical. 
If cold polar fronts arrive before a protec- 
tive mantle of snow is on the ground, 
plants and animals freeze. In years of late 
snowfalls, many of the tagged mice in our 
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study plots die. But once the first eight to 
ten inches of snow have built up, the daily 
fluctuations in air temperature do not 
reach beneath the snowpack, and tem- 
peratures below the snow remain fairly 
constant, within a few degrees of freezing. 

With a snowpack deep enough to pro- 
vide thermal stability, mice and voles re- 
duce the number of daily trips to the snow 
surface. Often, I will go for days without 

seeing a single track. Instead, the animals 
create a labyrinth of snow tunnels in 
which they travel around looking for dried 
grass, seeds, and the occasional insect. 

The tunnels provide a relatively warm ha- 
ven from the cold at the surface: our cal- 
culations suggest that on a calm, 23° F 
night, a mouse would lose 3.7 times more 
energy per minute on the snow surface 
than it would in its tunnel. 



The tunnels are dark most of the winter, 
as accumulated snow more than three feet 
deep filters out all of the sun’s rays. At the 
end of dark tunnels, mice construct grass 
nests where many huddle for warmth. The 
aggressive behavior typical of these small 
rodents during the summer quickly breaks 
down during the cold winter, when I have 
even found two different species of mice 
together in the same nest. Cuddled in their 

Both river otters, left, and dippers, below, 
seem to thrive during winter in 
Yellowstone, as long as open water— 
and the fish and insects that live 
init—can be found. 

nests, mice wait out the worst winter 
weather. 

Early naturalists noted tunnel en- 
trances at the surface of the snow, espe- 
cially as spring approached. They postu- 
lated that tunnels provided an outlet for 
the high concentrations of carbon dioxide 
that build up beneath the snowpack and 
also allowed the animals to emerge period- 
ically to check for signs of spring. Because 
of the carbon dioxide theory, these tunnels 
became known as ventilator shafts. 

I, too, observed ventilator shafts, but 
with some differences. In the Yellowstone 
area, shafts appeared mainly in January 
and February and especially after clear 
nights with very cold, subzero tempera- 
tures. By tracking, we discovered that, for 

unknown reasons, mice and voles not only 

venture above the snowpack on cold 

nights but also travel up to a quarter mile 

in open meadows. Following mouse trails 

and digging out the shafts, we found that 

most shafts descended only an inch or two 

beneath the surface and then leveled off 

and went about three inches horizontally 

before returning to the surface. In cross 

section, a shaft formed a roughly horse- 

shoe-shaped tunnel. At the bottom of each 

tunnel were often three or four pieces of 

scat, indicating that the animals had 

rested there for a few minutes. 

We hypothesized that because of its 
large surface area in proportion to its 
small body, a mouse traveling in open 
meadows radiates a large percentage of its 
body heat to the clear night sky. When the 
mouse begins to get dangerously cold, it 
quickly burrows into the snow, which, al- 
though cold, radiates some energy to the 
mouse. In its warming hut, the mouse re- 
gains enough energy to resume its trip. On 
a particularly cold night, a mouse might 
dig several warming huts before success- 
fully crossing a meadow. 

Steve Beaupre, Roy Ozanne, and I 
tested the hypothesis by implanting a ra- 
dio-transmitting thermometer into a deer 
mouse. At 3:00 A.M. on one January morn- 
ing with the temperature about —30° F, 
we released the mouse back onto the snow. 
It began jumping swiftly across the snow 
surface. After a few minutes, our radio 
signal indicated that its internal body tem- 
perature (normally about 99° F) was drop- 
ping. The mouse quickly dug a warming 
hut, where it waited with the tip of its tail 
still visible. Twenty minutes later, re- 
warmed, it was again ready to venture out. 
We observed this behavior three times; 
each time the mouse’s internal tempera- 
ture dropped by as much as twenty de- 
grees before returning to normal. 

Other tunnels that go up to the surface 

a, 



Opportunistic hunters of the waterways, 
minks catch everything from crayfish to 
muskrats and ducks. Large prey, such as 
this mallard, may be carried back to one 
of the mink’s dens and eaten later. 

do exist. Researchers have recently 
documented the long-postulated pockets 
of carbon dioxide beneath the snow, per- 
haps caused by decomposing plant mate- 
rial. The new evidence supports the notion 
that some tunnels may serve as ventilator 
shafts. Such tunnels, however, have defi- 
nite disadvantages: given an opening, long 
and lean members of the weasel family 
can also navigate the labyrinth. 

Ermines perhaps take advantage of 
these passages most frequently. But mar- 
tens, normally considered to be surface 

and tree predators, may also use the tun- 
nels. In 1986, Christie Shultz and I discov- 
ered the tracks of a marten leading from 
lodgepole pines to a small, frozen, snow- 
covered pond. Marten tracks around the 
edge of the pond led to thirty-eight holes. 
After excavating many yards of snow, we 
located muskrat tunnels around the pond. 
We also discovered partly eaten remains 
of five muskrats, indicating that the mar- 
ten had had a successful hunt. 

One April, perched on my pack on a 
frozen stream bed, I watched a blue heron 
fly to its nest. Suddenly, I heard familiar 
creaking, rumbling, and cracking sounds. 
Jumping to my feet, I grabbed my pack 
and skied up the bank just in time to watch 
the stream channel turn sky blue and the 
snow and ice become saturated with wa- 
ter. Within minutes, the ice began to 
break up and flow downstream. 

Watching spring return to Yellowstone 
is still thrilling, even after all these years. 
With every passing day, more and more 
energy pours back into Yellowstone. On 
south-facing slopes, where the snow has 
already melted, cow elk, round with soon- 
to-be-born calves, feed. Soon sow grizzlies 
will emerge with their young, born during 
the long winter’s sleep. The calls of pikas 
signal their return to the surface, and mar- 
mot tracks tell of their awakening from 
hibernation. If a heavy late snow doesn’t 
catch them off guard, all these animals— 
newborns and survivors—can look for- 
ward to several months of a gentler, lusher 
Yellowstone. Many will soon be dedicat- 
ing their energies to courtship, mating, 
and rearing young. As for me, my energy 
will be spent counting the weeks until the 
next winter season. O 
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AMERICAN MUSEUM OF 
NATURAL HISTORY 

DISCOVERY TOURS 

Archeology of Guatemala 
February 8-23, 1992 

Classic Mayan sites, including Tikal, 

Copan and Quirigua and picturesque 

Lake Atitlan. 

Kenya and Tanzania 
February 12-28, 1992 

Amboseli, Lake Manyara, Serengeti 

National Parks, Masai Mara Game 

Reserve and Ngorongoro Crater. 

Natural History of Costa Rica 
February 14-28, 1992 

Braulio Carrillo, Cahuita, Santa Rosa 

and Corcovado National Parks and 

the Monteverde Cloud Reserve. 

Archeology of Mexico 
February 25 - March 10, 1992 

Tenochtitlan, Teotihuacan, El Tajin, 

Cholula, Cacaxtla, Mitla, Monte 

Alban and the cities of Puebla and 

Cuernavaca. 

Archeology of the Yucatan 
and Chiapas 

March 15-28, 1992 

The ancient Mayan sites of Uxmal, 

Tulum, Palenque and the equinox at 

Chichen Itza. 

French Caves and Castles 
May 3 - June 18, 1992 

Prehistoric caves, including the 

original Lascaux, castles and historic 

towns in the Dordogne valley. 

For further information contact: 

American 
aero aime Museum of 
a ST Natural 

’ History 

Discovery Tours 

Central Park West at 79th Street 
New York, NY 10024 

(212) 769-5700 in New York State 
Toll-free (800) 462-8687 

How to Bear Gifts 
I told you I needed black socks 

by Roger L. Welsch 

I knew that I had been accepted into 
the Omaha Indian community the eve- 
ning I was with some Omaha friends and 
the topic of conversation was why white 
people smell funny. (The conclusion was 
that stinky stuff gets stuck in all those 
body hairs.) On such occasions I learn a 
lot about Omaha culture, but more impor- 
tantly, I learn about my own white, main- 
stream, lower-middle-class culture. The 
Omahas never ask me for explanations of 
why my people do the things they do, and 
I’m glad they don’t, because I don’t have 
many answers. 

The Omahas talk about white people’s 
preoccupation with time and money, in- 
ability to sense even the most obvious 
workings of the gods, difficulty in con- 
ducting meaningful conversations (even 
within their own families), and lack of 
understanding about... well, about al- 
most everything. They aren’t angry or bit- 
ter or cynical or mocking; they just can’t 
figure white people out. 

About this time of year, the Omahas 
talk a lot about the mainstream’s system 
of giving, especially the custom of “ex- 
changing” gifts. Actually, they don’t so 
much talk about it as shake their heads in 
incomprehension over the calculated reci- 
procity involved. The Omahas give gifts 
and conduct trade, but they never confuse 
the two. If an Omaha gives a gift worth 
thirty dollars or so (a blanket, for exam- 
ple), the recipient has to be careful not to 
give that person something worth thirty 
dollars anytime soon. Otherwise he risks 
giving the impression of turning the gift 
into a purchase. 

The amount of time that must be al- 
lowed to pass is a subjective determination 
but depends roughly on the value of the 
gift—maybe three or four months for a 
blanket. A fifty-dollar saddle requires 
longer to fade from community memory, 

perhaps a half year. A cow takes forever. 
Since gift giving is an important part of 
Omaha culture—the means by which one 
acquires prestige and status within the 
community—mental computing and ac- 
counting consume a lot of Omaha tribal 
energy. 

The mainstream’s concentration is the 
opposite: “Last year was the third year in 
a row your cheapskate cousin in Des 
Moines didn’t send us a card, and this year 
she is off the list!” Imagine being a part of 
a society in which you avoid equity while 
living in the midst of a culture that insists 
on it! 

Or consider the common mainstream 
family practice of “deciding what we’ll 
spend this year”: “Okay, this Christmas 
we'll give Mom and Dad gifts worth no 
more than $25, brothers and sisters items 
worth no more than $15, nieces and neph- 
ews $5.50, aunts and uncles $17.76, pets 
$3.36, except goldfish, for which gifts will 
not exceed $2, not including sales tax.” (In 
a pre-Christmas family briefing—fresh, I 
suspect, from an Indian gathering—I 
once rashly suggested that we give what- 
ever gifts we considered appropriate. I’m 
no longer a part of that family.) 

As if that were not enough, the Omahas 
consider it more blessed to give than re- 
ceive. (Lord only knows where they got 
that idea.) And that includes giving what 
has already been given, perhaps the 
source of the idiom “Indian giver.” 
Among the Omahas, food is a particularly 
respectful gift, so once, when I wanted to 
do something nice for an Omaha friend, I 
put together a big basket of fresh fruit, 
sausages, cheese, lots of yummies. I gave 
the basket to my friend at a public gather- 
ing of the Omaha Indian community. 
We mainstreamers consider wealth and 

acquisition to be important, so we make - 
wealth and acquisition public—big cars, 



swimming pools, silk suits, nose bobs, 
right out there where everyone can see 
them. Because the Omahas consider giv- 
ing to be important, they make it public. 
Gifts are given at powwows, prayer meet- 
ings, hand games, gourd dances, wherever 
there’s a crowd. And they are announced 
by a crier, who loudly proclaims and com- 
pliments their value and importance. 

So I gave my friend the basket of food 
through the crier, who announced the gift 
amid a hubbub of approval. My friend 
came forward with tears in his eyes and 
accepted my gift. He embraced me and 
called me “cousin.” But before I even had 
time to turn from the crier and return to 
my seat, my friend stepped to someone 
else in the room—someone I scarcely 
knew—and gave her the basket I had put 
such effort into. Well, great. My gift ap- 
parently meant no more to my friend than 
an extra set of shoelaces. 

Later I found out that the standard 
monologue in our society—“‘Oh, my good- 
ness, what a wonderful rhinestone aspirin 
locket! I’ve been wanting one for so long! 
I’m going to wear this to church tomorrow 

.no, I won't! I’m going to save this for 
special occasions like meeting the queen, 
and I’ll call my lawyer next week to be 
sure that when I die it goes to my oldest 
granddaughter for her dowry”—is a mys- 
tery within a culture where giving, not 
having, is important. The Omaha formula 
in the same situation would be, “This is 
such a wonderful gift, I would be proud to 
give it away myself. In fact, I think I will. 
Here and now.” I have seen gifts so impor- 
tant that they were given away three times 
on the same occasion. 

It gets worse—or better, depending on 
how willing you are to pursue Omaha 
logic. When I was given my Omaha name 
in 1967, I knew it was proper for me to put 
together a feast and give gifts, so I asked 
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an old friend, “How much food should I 
prepare? How many gifts should I bring?” 
I knew there would be four or five hun- 
dred people at the gathering, so I was 
prepared for a jolt, but not quite for the 
one I got. 
My friend said, “This is an important 

occasion for you.” 
“About the most important thing that 

has ever happened to me,” I responded. 
“Then spend everything you have.” 
“Uh, everything I have?” 
“Everything.” 
I spent quite a bit, but Indian name or 

not, I didn’t spend everything I had. 
There’s still a lot of German blood in these 
veins. 

Even before the Omaha _ Tribe 
wrenched my understanding of gift-giving 
protocol, my mother gave me reason to 
wonder. Every year in mid-September she 
asks for a list of what my wife, daughter, 
and I want for Christmas. We give her the 
list and then she gets us something else. 

“Mom,” I say annually, staring with 
bewilderment at a package of a dozen of 
those undershirts with little, thin straps 
that go over your shoulders and which I 
never wear, “I told you I needed black 
socks.” 

“I won’t buy you any more black 
socks.” 

“But I need black socks.” 
“Christmas isn’t a time for giving things 

we need.” 

“Then why did you give me undershirts 
with little, thin shoulder straps? I don’t 
wear undershirts with little, thin shoulder 

straps.” 
“See? It’s not something you need, and 

at Christmas you’re not supposed to give 
things people need.” 

Part of the problem with the American 
system of gift giving may lie within the 
nature of our gifts. My son gives me 
presents he thinks will improve my mind, 
which is nice, but I can’t help wondering 
why he thinks my mind needs improve- 
ment. I don’t know where my wife gets her 
ideas for gifts. It’s as if she’s never met me. 
Last year she gave me a pair of boxing 
gloves. In all fairness, she maintains she is 
equally mystified by the fruit-drying oven 
I gave her. 

I blamed the fruit-drying oven error on 
a high-pressure salesman. Charles Kuralt, 
as usual, says it best: “We call gift shops 
gift shops because they sell things we’d 
never buy for ourselves.” 
No one can recall how it started, but my 

father and I have a good arrangement for 
Christmas gifts: we exchange screwdriv- 
ers. Family legend has it that the screw- 
driver tradition started when I was a little 
boy and about all I could think of by way 
of a Christmas gift for Dad, and all I could 
afford, was a screwdriver. Every year a 
screwdriver. When I became an adult, 
Dad returned the favor, and that’s what 
we do every year now. 

“Elaine and I were among the first people 
to come out against releasing fluorocarbons 

into the atmosphere.” 



Dad’s gift is my favorite. I know it’s a 
screwdriver but I never know what kind, 
and there are lots of kinds of screwdrivers. 
Besides, not a year passes during which I 
don’t lose my Christmas screwdriver from 
Dad, so I am always in need of another, no 
matter what kind it is. (On the other hand, 
Dad never loses anything—so his base- 
ment is full of screwdrivers.) 

The situation gets even more confusing 
if we turn our analysis of gift giving to 
children. The reality is that in the case of 
children, like that of the Omahas, the pro- 
tocol of giving operates within another 
logic. Everyone sees the truth annually 
and comments on it: the boxes the gifts 
come in seem to be more fun for the chil- 
dren than the gifts. Why? Because the 
boxes are more fun than the gifts that 
come in them. 

Even more fun than the gifts that come 
in the boxes or the boxes they come in are 
the gifts the other kid gets and the boxes 
they come in. (This insight has a much 
broader application than Christmas gifts 
and will eventually make someone rich. 
Market toys as “The Other Kid’s Toys” 
and the money will roll in, trust me.) 

Far be it from me, however, to point out 
the faults of the world without offering a 
clear plan for fixing them. All we have to 
do is mix everything together—Indian 
ideas, kid stuff, mothers’ problems with 
buying socks, screwdrivers—and every- 
thing will work out fine. 

Here’s what I propose: 

1. This year give your friends and relatives 
things they don’t want or need—pref- 
erably things they already have and like 
or that you already have and like. 

2. Ignore your family’s agreement about 
spending limits. 

3. Give presents to the wrong people and 
invite them to make exchanges on the 
spot, which means everyone will get two 
presents instead of one and will wind up 
with something they like. (I don’t know 
how Linda feels about boxing gloves, 
but I sure could use the fruit-drying 
oven.) 

4. Tell each recipient of a gift out loud, 
and publicly, how you arrived at your 
decision. If you can’t imagine why you 
are giving what you're giving, it’s a bad 
idea anyway. Maybe once your friends 
and family hear your explanation, 
they'll like your gifts. 

5. Above all, put presents in interesting 
boxes. That’ll make everyone happy. 

Me, I’m giving everyone indoor mush- 
room gardens this year. Don’t ask me why. 

Folklorist Roger L. Welsch lives in 
Dannebrog, Nebraska. 
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AT THE AMERICAN MUSEUM 

OrIGAMI HOLIDAY TREE 
This season’s Origami Holiday Tree 

will be on display in the Roosevelt Memo- — 
rial Hall of the American Museum from 
November 25 through January 1. 

To add a flush of Christmas red to the 
nineteen-foot tree, hundreds of paper 
strawberries will hang among the thou- 
sand or so origami representations of ani- 
mals, ranging from antelopes to zebras, 
apatosauruses to dimetrodons, grasshop- 
pers to honeybees, angelfish to sharks. 
More than 2,000 silver stars, cantilevered 
from the branches on wires, provide the 
tree with a glittering halo. 

An annual tradition since 1972, the 
Museum’s tree was the first of its kind on 
public display. Its decorations are an all- 
volunteer effort, and teachers will be on 
hand to show visitors how to fold their own 
origami ornaments. 

KWANZAA 
Three days of programs will mark the 

Museum’s celebration of Kwanzaa, Swa- 
hili for “first fruits of the harvest.” Dur- 
ing the week of December 26 to January 
1, each day of this African American holi- 
day is dedicated to one of seven principles: 
umoja (unity), kujichagulia (self-deter- 
mination), ujima (collective work and 
responsibility), ujaama (economic co- 
operation), nia (purpose), kuumba (cre- 
ativity), and imani (faith). 

On Friday, December 27, the Museum 
will host an African marketplace in the 
Hall of Ocean Life from 11:00 a.m. to 
6:00 p.m. Vendors will sell books, textiles, 

_ The Pink Slipper, by John Felsing, is 
inthe “Birdsin Art” exhibition. 
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one of sixty works featured 

jewelry, foods, and Kwanzaa crafts; cul- 
tural activities will also be featured. The- 
atrical presentations and participatory 
workshops will take place on Saturday 
and Sunday, December 28 and 29. 

These programs are made possible by a 
gift to the Museum from the Samuel and 
May Rudin Foundation and by contribu- 
tions from the New York Urban Coali- 
tion. For information or for a flier detail- 
ing these free events, call (212) 769-5315. 

Birps IN ArT, 1991 

Sixty works, chosen from more than 
1,000 entries, feature the best contempo- 
rary painting, printmaking, and sculpture 
depicting birds by artists worldwide. In 
this year’s show, sculptor Larry Barth of 
Stahlstown, Pennsylvania, has been cho- 
sen Master Wildlife Artist, an honor that 
in past years has been given to Roger Tory 
Peterson, Don Richard Eckelberry, Peter 
Scott, Guy Coheleach, and Lars Jonsson. 
Organized annually since 1976 by the 
Leigh Yawkey Woodson Art Museum in 
Wausau, Wisconsin, the exhibition opens 
this year on Friday, December 6, and runs 
through Sunday, March 1, 1992, in Gal- 
lery 77. 

MEMBERS’ PROGRAMS 
In 1934, Roger Tory Peterson pub- 

lished The Field Guide to Birds, begin- 
ning a long and distinguished career as an 
author and artist. Peterson will reflect on 
his experiences discovering and studying 
birds all over the world on Wednesday, 
December 4, at 8:00 p.m. in the Main Au- 

AMNH 

ditorium. Tickets are $12 ($8 for mem- 
bers). Call (212) 769-5606 for ticket avail- 
ability. 

Folk artist Richie Havens will make a 
special appearance at the Museum on 
Thursday, December 19, at 7:00 p.m. in 
the Main Auditorium. Since his first al- 
bum in 1967 and his performance at the 
1969 Woodstock Festival, Havens, whose 
most recent album is Now, has contrib- 
uted regularly to the music world. Tickets 
are $20 ($12 for members). Call (212) 
769-5606 for ticket availability. 

NATIVE AMERICAN CELEBRATION 
Dance programs, lectures, and dem- 

onstrations of mask carving will be pre- 
sented in conjunction with the special ex- 
hibition “Chiefly Feasts: The Enduring 
Kwakiutl Potlatch,” which will run 
through February 23, 1992. For addi- 
tional information call (212) 769-5305. 

The Leonhardt People Center cele- 
brates Native American culture with free 
weekend programs this month. On Satur- 
day and Sunday, December 14 and 15, 
Tchin, a Blackfoot and Narragansett In- 
dian, will talk on “Growing up Native 
American”; Cherokee Jeff Kalin will 
demonstrate precontact stone tool tech- 
nology; and Snowflower and Star, Black- 
foot and Narragansett Indians, will tell 
stories through dance. 

The People Center will be closed on De- 
cember 21 and 22. For a full schedule of 
events, call (212) 769-5182. 

CHRISTMAS AT THE PLANETARIUM 
Was it a star, a comet, or a meteor that 

led the Wise Men to Bethlehem? Scien- 
tists, theologians, and historians have all 
contributed to the search for answers. Be- 
ginning Wednesday, November 27, visi- 

tors to the Planetarium can travel back 
nearly 2,000 years in time to explore the 
skies of the first Christmas. 

On Monday and Tuesday, December 
16 and 17, in the Sky Theater, the Plane- 
tarium’s annual holiday concert will fea- 
ture the Ensemble for Early Music, which 
will play selections from the Middle Ages. 
Performances start at 7:30 p.M., and tick- 
ets are $15 ($12 for members). For more 
information, call (212) 769-5900. 

These events take place at the American 
Museum of Natural History, located on 
Central Park West at 79th Street in New - 
York City. The Kaufmann and Linder 
theaters and the Leonhardt People Center ~ 
are located in the Charles A. Dana Educa- 
tion Wing. The Museum has a pay-what- 
you-wish admission policy. For more in-_ 
formation about the Museum, call (212) 
769-5100. 



EXPLORING THE MAYA COAST 
February 5-15, 1992 _ 

Mayan ruins, lush rainforests and jungle rivers, rare birds, 
monkeys, secluded white sand beaches and dazzling coral 

reefs of Mexico, Belize and Honduras - aboard the com- 

fortable, 41-cabin Polaris. 

BALI TO THE BARRIER REEF: 
‘Indonesia, New Guinea and Australia 

February 7-24, 1992 

Arts and architecture of Indonesian islands, including 

Bali, Sumba, Savu, Alor, Nila and the Asmat area of Irian 

Jaya on New Guinea, as well as exciting Hong Kong and 

the incomparable Great Barrier Reef of Australia - aboard 

the ultra-luxurious, 44-cabin Aurora. 

EXPLORING PAPUA NEW G UINEA 
_ February 13 - March 1, 1992 

Bata New Guinea, the "last unknown", a world of unique 

wildlife (such as birds of paradise), ancient ceremonies 

and traditional arts of the Southern Highlands, the Sepik 

River and the Trobriand and d’Entrecasteaux Islands - 

aboard the luxurious, 20-cabin Melanesian Discoverer. 

_ EXPLORING. ANCIENT BRITAIN © 
May 19-30, 1992 

etieval ruins, castles, exquisite eae ancient 

megaliths and spectacular landscapes of the Scilly and 

Skellig Islands, western Ireland, western Scotland and 

Wales - aboard the very comfortable, 70-cabin J/liria. 

Options to see the prehistoric caves of France and 
southern England’s Stonehenge and Avebury are also 

available. 

American Museum of Natural History/Discovery Cruises and Tours 

Central Park West at 79th Street/ New York, NY 10024-5192 

Exploring the world with expert lecturers 

DISCOVERY CRUISES 

TOTEM POLES AND FJORDS OF ALASKA 
May 26 - June 8, 1992 

Magnificent scenery of the Inside Passage, including the 

Queen Charlotte Islands, Petersburg, Admiralty Island, 
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REVIEWS 

Luck of the Draw 
by Neil H. Landman 

Why do some species survive and per- 
sist for tens of millions of years while oth- 
ers disappear? What is the secret of spe- 
cies longevity? Do some biological traits 
favor survival and others invite extinction? 
Geologist Peter Ward has been at work all 
over the world investigating these ques- 
tions among fossils both living and dead. 
On Methuselah’s Trail is an apt title for 
this quest. Methuselah, the grandfather of 
Noah, was a biblical patriarch who was 
believed to have lived 969 years. Indeed, 
the survival of very ancient organisms to 
the present, so-called living fossils, reveals 
a persistence of mythical proportions. 
Equally impressive is the evolutionary 
drama of life on earth in which these living 
fossils play a role. 

Some living fossils—such as the horse- 
tail plant from the Carboniferous period 
or the inarticulate brachiopod Lingula 
from the Cambrian period—are species 
that have remained unchanged for tens or 
even hundreds of millions of years. Others 
such as the coelacanth, a fish from the 
Comoro Islands in the Indian Ocean, be- 
long to new genera and species not recog- 
nizable in the fossil record but are the sole 
survivors of ancient lineages. 

An important dimension to Ward’s un- 
folding fossil trail is the subject of mass 
extinctions, the large perturbations in the 
history of life when as much as 50 percent 

eat 

Fossils of anammonite and nautiloid 
from the beach at Lyme Regis, England 
Peter Douglas Ward 
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of all life on earth disappeared. Two of the 
most important extinctions occurred at 
the end of the Permian (250 million years 
ago) and at the end of the Cretaceous (66 
million years ago). They define the three 
major subdivisions in the history of life: 
the Paleozoic, Mesozoic, and Cenozoic 
eras. Still very much under debate, how- 
ever, are the causes and consequences of 
these extinctions. 
We follow Ward around the globe as he 

studies the record of extinctions and 
searches out living fossils. Along the way, 
we learn about general themes in the his- 
tory of life, for example, the first appear- 
ance of multicellular animals and the rise 
of land plants. With Ward we dive into 
Puget Sound after brachiopods, which are 

On METHUSELAH’S TRAIL: LivinG Fos- 
SILS AND THE GREAT EXTINCTIONS, by Pe- 
ter Douglas Ward. W. H. Freeman and 
Company, $18.95; 212 pp., illus. 

rare today but were common in the Paleo- 
zoic. We trek into the Great Valley of 
California to uncover fossil ammonites; 
then we continue on to Zumaya, Spain, to 
investigate the record—preserved in a se- 
quence of maroon-colored rock layers—of 
the extinction that ended the Mesozoic 
era. We observe horseshoe crabs along the 
shoreline in Woods Hole, Massachusetts, 
and we end up in Paris at the Museum of 
Paleontology examining fossil collections 
assembled more than a century ago. 

These peregrinations are as much fun 
as they are informative. Floating in the 
crystal clear waters of Palau in the west- 
ern Pacific, Ward watches from above as 
nautiluses, surviving members of a group 
of shelled cephalopods, descend into 
deeper water. 

They hang for a moment, still tightly closed 
in their shells, and then cautiously extend 
tentacles outward, testing the water.... 

They extend fully and expel jets of water 
from their funnels. In a rush, they shoot 
downward, then descend in huge slow spi- 
rals ... until they become small white cres- 
cents against the blackness below. 

Or standing in a remote spot in the north- 
eastern corner of Washington State, sur- 
rounded by rocks deposited before the ad- 
vent of life, Ward helps us imagine the 
Precambrian world, more than a half bil- 
lion years ago. 

The greatest wonder... would have been 
the first glimpse of the moon, at that time 
perhaps twice as close to the earth as it is 
today. It appears as a giant planet rising, 
blinding white with its reflected sunlight, 
and moving across the sky much more 
quickly than it does today. I feel the land 
beneath my feet tremble slightly with the 
sway of a small earthquake, for minor trem- 
ors shake the earth as the passing moon 
stretches grasping gravitational fingers into 
the earth’s crust. 

Woven throughout many of these ad- 
ventures is the question of the causes and 
consequences of the extinction that ended 
the Cretaceous period closing the Meso- 
zoic era. This extinction wiped out dino- 
saurs on the land and various animals in 
the sea—notably microscopic plankton 
and certain shelled cephalopods. What 
caused it? Possibly a lowering of sea level 
over several million years (resulting in a 
reduction in habitable living area for ma- 
rine creatures and a worldwide harshening 
of climate) or a meteor colliding with the 
earth, which may have left a telltale layer 
of iridium (an element generally absent 
from the earth’s surface but common in 
meteors) embedded in rocks formed at 
that time. This collision would have gener- 
ated a massive cloud of dust in the atmo- 
sphere, worldwide fires, total darkness for 
several months, and acidification of the 
surface waters of the world’s oceans. 

Whatever the exact nature of the envi- 
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ronmental deterioration or collapse, some 
species survived and others disappeared. 
The consequences were enormous, and 
the history of whole groups of organisms 
was irrevocably changed. 

Ward devotes one-quarter of his book to 
a group of animals known as the externally 
shelled cephalopods in order to best illus- 
trate the events at the end of the Creta- 
ceous. This group represents Ward’s ma- 
jor research interest and my own. The 
externally shelled cephalopods consisted 
of the ammonites and the nautilids and are 
especially instructive because they pro- 
vide an example of differential survival 
within the same class. While the nautilids 
were more primitive, both groups were 
characterized by external shells subdi- 
vided into air chambers that provided the 
buoyancy necessary to counterbalance the 
weight of the growing shell. Today 
nautilids are represented by the modern 
nautiluses. Ammonites no longer exist, al- 
though they may have shared many fea- 
tures with living squids and cuttlefish. 

The ammonites first appeared about 
400 million years ago. Ward describes 
their evolution as a progressive trend to- 
ward improved shell design to avoid fish 
predation, culminating in the appearance 
of the last ammonites, “the swiftest swim- 
mers” or “forms that lived in the mid- 
water regions, relatively safe from the 
predators... below... and above.” How- 
ever, “near the end of their long reign,” 
Ward writes, 

the ammonites experimented with other 
shell shapes [other than flat spirals] under 
the selective pressure brought to bear by 
the merciless predators. But the extrava- 
gant diversity of form is a mark of despera- 
tion. 

I would disagree slightly here and argue 
that the pattern of ammonite evolution 
was, in actuality, much more complex, 
resembling a lush bush rather than a sin- 
gle stem growing in one direction. Some 
ammonite branches were characterized 
by numerous species, each of which lived 
for a short time, whereas others, like the 
Lytoceratina, had fewer but longer-lived 

species. Many of the last ammonites on 
earth belonged to this branch and were not 
the evolutionary end products of a pro- 
gressive trend. What’s more, the appear- 
ance of nonspiral ammonite shell shapes 
was not limited to the close of the Creta- 
ceous, as Ward suggests, but happened 
several times in the history of the group. 

The causes of ammonite evolution were 
also complex. Predation and the avoid- 
ance of predators were important factors, 
as Ward emphasizes, but so too were 
changes in sea level, which limited the 
area of shallow shelf inhabited by many 

ammonites. Competition with fish and 
other marine organisms, as well as peri- 
odic episodes of low oxygen levels in the 
world’s oceans, also affected ammonite 
diversity. In sum, I would claim that 
ammonite evolution was both complex 
and multicausal and did not show a uni- 
form progression over time. 

Like the ammonites, the nautilids also 
originated approximately 400 million 
years ago but belong to an older, larger 
group, known as the nautiloids, that dates 
back to the Cambrian period. The 
nautilids were characterized by few gen- 
era and species and never achieved the 
taxonomic diversity of the ammonites. As 
a member of this primitive group, today’s 
nautilus is commonly referred to as a “liv- 
ing fossil,” but all the extant species are 
probably less than 5 million years old. 
They live at depths of up to 2,000 feet in 
the Pacific and Indian oceans and swim 
just above the bottom, scavenging for 
food. Populations of some species migrate 
upward to the surface to feed, but only at 
night, presumably to avoid predators. 

According to Ward, this avoidance of 
predators is indicative of the course of 
ammonite and nautilid history and ex- 
plains the reduction in ammonite diversity 
toward the end of the Cretaceous. “As the 
new predators appeared on the scene dur- 
ing the Cretaceous Period,” Ward writes, 

the shallow water nautiluses and ammo- 
nites had to adapt or die. At first they tried 
to adapt: they built sturdier shells replete 
with spires and tubercles. But even the spin- 
iest shells were being broken. There was 
only one escape for the ones that still lived, 
the same strategy used by the nautilus to- 
day: they retreated to the deep, where the 
eternal blackness can thwart the search of 
the hungriest visually oriented predator. 
But the deep exacts its own price: slow 
growth, little food. It’s a draconian solution, 
and it put the chambered cephalopods in a 
no-win situation. 

This scenario probably requires some 
revision. For example, despite a “no-win 
situation,” the deep-sea niche of the nauti- 
lus has not compromised its survival. The 
nautilus is broadly distributed throughout 
the South Pacific, ranging from Australia 
in the west to Fiji in the east, a distance of 
several thousand miles. Some scientists 
even believe that the nautilus is currently 
undergoing an explosion of new species. 

What’s more, the habitat of today’s 
nautilus is very different from that of 
many extinct nautilids. During the Late 
Cretaceous and well into the Cenozoic era 
that followed, for example, many nautilids 
continued to live in shallow waters in spite 
of the presence of shell-eating predators. 
On the other side of the coin, many 
ammonites lived in deep water for most of 



the Mesozoic. They didn’t all retreat there 
just at the end of the Cretaceous. Clearly, 
a number of factors, and not just those 
“merciless predators,” must have contrib- 
uted to the evolution of ammonites and 
their decrease in diversity toward the close 
of the Cretaceous. 

Arguments of causation aside, however, 
how do the numbers of ammonites and 
nautilids compare at the end of the Meso- 
zoic? The fossil record reveals that at that 
time there were about a dozen ammonite 
genera worldwide with at least as many 
species, whereas there were at most seven 
nautilid genera. 

And now the $10,000 question: Why 
did the less diverse nautilids survive and 
the more diverse ammonites disappear in 
the events that ended the Cretaceous pe- 
riod (see “Not to Be or to Be?” Natural 
History, August 1984)? There are at least 
two possible explanations, one broadly 
ecological and the other more specifically 
based. The first explanation rests on the 
inferred ecological differences between 
the two groups. (Ward would disagree, 
arguing that the two groups were “alike in 
morphology and probably ecology.”) 
However, the nautilids, with their simple 
shells (like those of modern nautiluses), 
were probably ecological generalists, tol- 

erant of a variety of environmental condi- 
tions and foods. With more diverse shapes 
and feeding apparatuses, ammonites may 
have been specialists, relying on particular 
food sources and living in narrowly pre- 
scribed environments. Faced with deterio- 
rating or catastrophic conditions at the 
end of the Cretaceous, the generalists sur- 
vived while the specialists perished. 

The second explanation, on which 
Ward and I agree, is based on a well- 
documented event at the end of the Creta- 
ceous, the near annihilation of the calcare- 
ous marine plankton. These were tiny 
microorganisms that lived in the upper 
surface layers of the world’s oceans. 
(Their destruction was, fortunately, not 
complete and they are still very much with 
us today.) How does this explain the dif- 
ferential survival of the nautilids versus 
the ammonites? The answer may lie in the 
different life histories of the two groups. 
An ammonite began life at a very small 
size; it hatched at less than 1/25 of an 
inch. Equipped with a buoyancy chamber, 
the tiny ammonite may have floated in the 
surface layers of plankton until it grew 
large enough to swim nearer the bottom or 
in midwaters, as its parents did. 
A nautilid, on the other hand, hatched 

at more than ten times the size of an 

ammonite. A newly hatched nautilid 
probably began swimming immediately 
and followed a mode of life similar to that 
of the adults. Like suspension-feeding bi- 
valves and many other plankton-eating an- 
imals, the ammonites were inextricably 
caught up in the collapse of the marine 
plankton, whereas the nautilids escaped. 

That the newly hatched young of 
ammonites may have spent some time in 
the plankton probably served this group 
perfectly well throughout its long evolu- 
tionary history. In particular, planktonic 
dispersal helped insure the widespread 
distribution of individuals within a popu- 
lation. However, in the environmental 
events that ended the Cretaceous, this fea- 

ture of the ammonite life cycle became a 
liability. 

Is there a message in all of this? Perhaps 
it is a reminder. Generally, we are inclined 
to believe that a species’ survival depends 
on gaining the competitive edge. How- 
ever, if this second explanation is correct, 
it is evident, as Ward also concludes at the 
end of his book, that luck, too, has a place. 

An associate curator in the Department of 
Invertebrates at the American Museum, 
Neil H. Landman specializes in the study 
of fossil cephalopods. 
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362-7070 Dept. CP124 
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For our Fall 1991 Catalog, please send $1.00 (refund- 
able with order) to: Cygnus Graphic, Box 32461-N, 
Phoenix, AZ 85064 

TIME CAPSULE KIT. Launch a message into the future. 
Wouldn't a description of life a century ago be fascinat- 
ing? Surely your future children a hundred years hence 
will feel the same way. Kit includes dual cannisters with 
acid-free paper, ink, pen & sealant. $22.95@ plus $3 
shipping/handling. Call 1-800-235-6646, extn. 515 for 
brochure/to order. MC/VISA welcome. 

Miscellaneous 

LIQUIDATING LARGE COLLECTION World Insects, 
Books. Rarities. Inquiries welcome. Parker, 1621 Fre- 
mont, South Bend, IN 46628 

PENFRIENDS—ENGLAND—USA. Make lasting friend- 
ships. Send age, interests. Free reply. Harmony, Box 
82295NH, Phoenix, AZ 85071 

Music 

VIBRANT BAROQUE—Beautiful chamber music by 
Bach, Handel, and Leclair performed on the vibra- 
phone, with piano and violin. CD only. $14 includes 
S&H. Vibrant Baroque, 714 Ninth Ave., Suite 526, New 
York, NY 10019 NY Res. add 8%% sales tax. 

Photo/Optical 

aus JENA (GERMANY) BINOCULARS: Experience the 
Ultimate in Brilliance and Clarity! Europtik, Ltd., P.O. 
Box 319-NH, Dunmore, PA 18512 (717) 347-6049 

BINOCULAR SALES AND SERVICE. Repairing binocu- 
lars since 1923. Alignment performed on our U.S. Navy 
collimator. Free catalog and our article “Know Your 
Binoculars," published in Audubon Magazine. Mirakel 
Optical Co., Inc., 331 Mansion St., West Coxsackie, NY 
12192 (518) 731-2610 . 

MICROSCOPES from $150; quality optics, acces- 
sories, literature: MD Scientific, 4630 N. Harlem Ave., 
Suite 209-A, Harwood Heights, IL 60656 

Real Estate 

COSTA RICA, 55 acres bordering National Park expan- 
sion, houses, good water & anchorage, private beach, 
virgin jungle, $149,000, (503) 690-7750 

WHY RETIRE TO FLA? Over half of North Carolina 
retirees came from Florida—learn why! North Carolina 
golf & lake homesites from only $10,900. Free litera- 
ture. 1-800-768-7358 

Resorts 

BELIZE—PELICAN BEACH RESORT—Family-run. 
Beachfront resort in Southern Belize. Comfortable 
rooms overlooking Caribbean; Homecooked meals; 
Cockscomb Jaguar Reserve; Manatees; Birdwatching; 
Snorkeling and Island Cottage Rental. Rath, Box 14, 
perio, Belize. Tel: 011-501-5-22044 Fax: 011-501-5: 



BELIZE—RUM POINT INN—small beachfront resort on 
the Caribbean. Spacious private cabafias. Library. Din- 
ing room featuring tropical taste treats. Snorkel or Dive 
Plus Mayan ruins, Cockscomb Jaguar Reserve, Birds. 
Photographic Safaris. Bevier, Placencia, Belize. 011- 
501-62-2017 or (504) 465-0769 

COSTA RICA TROPICAL PARADISE, Deluxe accom- 
modations bordering Corcavado National Park expan- 
sion, private beach, snorkeling, virgin jungle, birding, 
1503) 690-7750 

SPRING ON BEQUIA: Distinctive ten room hillside hide- 
away on beautiful 200 year old Caribbean plantation. 
Sequia, St. Vincent Grenadines. Secluded beach, 
pool, tennis, excellent cuisine, tranquility. Box 19251A, 
Minneapolis, MN 55419 (612) 823-1202 

Tours/Trips 

ADVENTURE CALLING! Outstanding wildlife safaris in 
enya, Tanzania, Botswana and Zimbabwe. Low cost 
eamping or deluxe. Teeming wildlife, stunning photog- 
raphy. Fascinating options: track gorillas, climb Kili- 
manjaro, visit Vic Falls. Galapagos! Swim, sail, snorkel 
and hike Darwin's ‘Enchanted Isles.’ Choice yachts. 
Exotic wildlife, haunting landscapes. Amazon Jungle/ 
Machu Picchu options. Costa Rica! Rainforest and jun- 
gre expeditions alive with dazzling birds, tropical wild- 
fe and smoking volcanos. Small groups, expert 
guides. Over 300 guaranteed departures. Free Bro- 
chures! (800) 525-6772. Special Interest Tours, 134 W. 
26 St. (C) NY, NY 10001. 

ADVENTURES IN AFRICA! Economical camping safa- 
ris, classic lodge safaris, Kilimanjaro climbs, gorilla 
tracking, London/Nairobi overland, Egypt, more. Free 
24 page color brochure. Himalayan Travel, Box 
481-NH, Greenwich, CT 06836 (800) 225-2380 

AFRICA 
GEO 10 Years of 

Quality 
Tented Safaris to 
Kenya, Tanzania ; EXPEDITIONS , Z 

Natural History Rwanda & 
Trips Worldwide. 900 351-5041 Botswana. 

P.O. Box 3656-C9, Sonora, CA 95370 

ADVENTURE WITH THE PACIFIC GRAY WHALES in 
Baja. Join museum naturalists on a 9-day sea voyage 
(105’ boat) departing March 11, 1992. Land on four 
islands, see elephant seals, spend 3 days in San 
Ignacio Lagoon among the gentle giants. Cabrillo Ma- 
rine Museum, 3720 Stephen White, San Pedro, CA 
90731 (213) 548-7563 

Join a University biologist on an air-cond. |X‘ 
90 foot Amazon riverboat 650 miles on the | *} 
Amazon River. 8 days, 7 nights. $1495 
includes meals, air from Miami (Airfare from 
other cities is available), tours, entrance fees. 
side trips, transfers,1st class hotel, and mo 
Previous Client References in Brochure. \ 
Parrots, pink dolphins, monkeys, natives..: 
Cusco and Machu Picchu extension available. 

Dec.28, Jan.4, Feb.22, March 21, April 11 

INTERNATIONAL JOURNEYS 1-800-622-6525 

AFRICA! Experience the wonderful wildlife spectacle of 
the Serengeti during wildebeest calving season next 
February. Plus year-round natural history, photo work- 
shops, and private safaris to east and southern Africa 
at affordable prices. Free catalog. Voyagers, Dept. NH- 
12, Box 915, Ithaca, NY 14851. (800) 633-0299. 

AFRICA: Personalized safaris. Kenya, Tanzania, 
Rwanda, Ethiopia, Eastern Zaire, Burundi, Botswana, 
Zimbabwe. Kenya Consultants, Box 216, Mt. Tremper, 
NY 12457 (800) 724-1221 

ALASKA 
Birds * Bears ¢ Marine Mammals « Tidepools 

Pristine coastal wilderness, glaciers, nesting eagles, rookeries, fishing, The 
world’s best known photographers come to our deluxe lodge. Master chef, 
fresh seafood, winner of Harper's '81 and ’89 Hideaway of the Year. 20 
years of operation. Professional guides/naturalists, §1950/person/5 days. 

Kachemak Bay Wilderness Lodge 
Box 956 NH, Homer, AK 99603 (907) 235-8910 

ALASKA: Adventure travel and deluxe fishing lodge. 
Alaska's premier small group safaris and world class 
fishing. Great Alaska Fish Camp and Safaris, 1-800- 
544-2261, HC01 Box 218, Sterling, AK 99672 Brochure/ 
Video 

¢ Natural history & wildlife cruises eo 
¢ Whales, brown bears, eagles 
© Historic classic 105’ yacht FTI Ye 

P.O. Box 10642, Dept. B, Bainbridge Island, WA 98110, 206-842-2803 

ALASKAN’S FAVORITE GETAWAY: Harmony Point 
Wilderness Lodge. Natural history tours on the ocean, 
in the rainforest, and in the alpine. Guided activities 
include Sea Kayaking, Mtn. Biking, Hiking, Inter-Tidal 
Walks, and Boat Tours. Private cabins, handcrafted 
lodge, log sauna, and excellent fresh local seafood. 
P.O. Box 110, Seldovia, AK 99663 (907) 234-7858 
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WHALES: BAJA MEXICO 
ADVENTURE VACATIONS SINCE 1974 

4k 4 4 8 & A A 
BAJA*EXPEDITIONS 

2625 Garnet Avenue, San Diego, CA 92109 
Call for our free color brochure (619) 581-3311 or Toll Free 

1-800-843-6967 

ALASKA WILDLAND ADVENTURES operates some of 
the most highly regarded natural history tours in 
Alaska. The trips feature small group experiences com- 
bining safe and fun outdoor adventuring with the secu- 
rity of professional tour guides. Travelers are taken 
beyond the ordinary activities of conventional bus 
tours and cruises. Visit Denali National Park, Kenai 
National Wildlife Refuge, Kenai Fjords National Park 
along with other destinations. Over fifty departures. 
Operating since 1977. For a 20-page color brochure 
write: Alaska Wildland Adventures, Box 389-HN, 
Girdwood, AK 99587, or call (800) 334-8730 

AMAZON. 4-day cruises along the Amazon or Negro 
Rivers. Remote jungle lodges in Brazil, Ecuador, Peru, 
Bolivia or Venezuela. Call for free information/bro- 
chures. Terra Adventures, 70-15 Nansen St., Forest 
Hills, NY 11375. (718) 520-1845 

ARCTIC WATERWAYS, INC. offers an Arctic Adven- 
ture for all ages in good health. Experience the Arctic 
wilderness on a relaxed river float trip. Beautiful flora, 
fauna and the midnight sun! A.W. Inc., Box 137, Sta.B, 
Buffalo, NY 14207. “Our 17th Year in the Far North!’ 

ALASKA-GALAPAGOS 
2 Ue OVAL IES 
AUSTRALIA + BELIZE 

Small groups led by Whale and 
Wildlife Journey Specialists 

BIOLOGICAL JOURNEYS 
1696N Ocean Dr., McKinleyville, CA 95521 

800-548-7555 

AUSTRALIA/NEW ZEALAND WALKABOUTS: 
Personalized tour programs featuring nature, hiking 
and the outdoors. Enjoy hiking and camping safaris, 
lodge stays, and island resorts in New Zealand's sce- 
nic National Parks, and Milford Track; Australia’s Out- 
back, Tropical North and Great Barrier Reef. Pacific 
Exploration Co., Box 3042-N, Santa Barbara, CA 93130 
(805) 687-7282 

BROOKS RANGE—Arctic National Wildlife Refuge. 
Small groups in remote wilderness unfolding the 
unique natural history of the high arctic. Photography, 
Adventure, Peace of mind. Custom and scheduled 
backpack and river trips. Write: Wilderness Alaska, 
POB 83044 NH, Fairbanks, AK 99708 

COSTA RICA. The best programs by the most experi- 
enced operators. Wildlife, birdwatching, whitewater 
rafting, wonderful beaches. Call for free information/ 
brochures. Terra Adventures, 70-15 Nansen St., Forest 
Hills, NY 11375. (718) 520-1845. 

EXPLORING THE ARTS OF BALI AND JAVA—Featur- 
ing private dance performances, masked drama, 
shadow puppet theatre, gamelan orchestra, painting, 
textiles and temple ceremony. Art Trek, Box 807-NH12, 
Bolinas, CA 94924 (800) 786-1830. 

GALAPAGOS 
You, 9 other adventurers and our licensed 
naturalist will sail by yacht to explore more islands 
than any other Galapagos expedition. 60 trip 
dates. Machu Picchu option. Free brochure. 

Inca Floats 415-420-1550 
1311-N 63rd St., Emeryville CA 94608 

GALAPAGOS AND RAINFOREST guide book. New. 
Free. Galapagos Holidays, 745 Gerrard St. East, To- 
ronto M4M 1Y5. Phone (416) 469-8211. Fax (416) 463- 
SiS 
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GALAPAGOS! Excellent boats, small groups, licensed 
guides. In-depth natural history and photo trips includ- 
ing mainland Ecuador and optional Amazon Basin ex- 
tensions. Voyagers, Dept. NG-12, Box 915, Ithaca, NY 
14851. (800) 633-0299. 

GALAPAGOS. Free info on-your-own Discovery Tours/ 
wildlife & photo workshops. Also the essential 250 pp. 
“how to'’ guidebook ($16.50 postpaid). Galapagos 
Travel, P.O. Box 1220, San Juan Bautista, CA 95045. 
(800) 969-9014. 

GALAPAGOS ISLANDS. 15 days including Espanola, 
Genovesa, Fernandina and some seldom visited loca- 
tions. Departures Jan 16, March 12, May 14 and Aug 
13, 1992. See Colley below for information. 

COPPER CANYON 
SIERRA MADRE RAIL EXCURSIONS 

MONARCH BUTTERFLY 
WINTER HABITAT TREKS 

1-800-843-1060 1IOAM-6PM CENTRAL 
COLUMBUS TRAVEL, 6017 CALLAGHAN RD, SAN ANTONIO, TX 78228 

GALAPAGOS ISLANDS. From $1785 including air. Ec- 
uador/Peru options and archeological tours. Joseph 
Colley. LAST, Inc., 43 Millstone, Randallstown, MD 
21133 (301) 922-3116 

GUATEMALA, PERU, BALI-INDONESIA CRAFT Tours 
—Explore key cultural arts centers with folk art collec- 
tor/photographer Gordon Frost. Twenty-three years 
experience. Small groups. Contact: Gordon Frost, P.O. 
Box 2-NH, Benicia, California 94510 (707) 747-1316 

HIKE/SNOWSHOE/SKI OREGON'S ANCIENT Forests. 
Ecologist, transportation, cabin, geothermal springs, 
meals. AF Hikes, Box 13585, Salem 93709 (503) 370- 
8944 

UNIQUE DESTINATIONS 
» Cross the SAHARA Desert w. Tuaregs; or overland 

to TIMBUKTU, NAMIBIA, ETHIOPIA 
+ Visit pygmies of the CAR; BORNEO'S Dayak; 
Dani of IRIAN JAYA; Jivaros of the ECUADORIAN 
AMAZON; Dogons of MALI; Berbers of 

MOROCCO; Wodaabe Nomads of NIGER 
« View wildlife in Brazil's PANTANAL, COSTA RICA, 
PATAGONIA, GALAPAGOS, BOTSWANA 

¢ RAJASTHAN and Pushkar; KASHMIR; LADAKH; 
TURKEY arch. cruise; T. DEL FUEGO on horseback 

GPs TURTLE TOURS eS 

9446 Quail Trail, Box #1147, Carefree, AZ 85377 

(602) 224-5804 

INDIA, NEPAL, TIBET, CHINA, THAILAND. Tours, treks, 
wildlife safaris, overland adventures. Huge range of 
trips. Affordable rates. Free 40 page color catalog. 
Himalayan Travel, Box 481-NH, Greenwich, CT 06836 
(800) 225-2380 

JOURNEY WITH WHALES ALONG Baja California, 
Mexico aboard the Pacific Queen. Gray whales, ele- 
phant seals, dolphins, island, lagoon exploration; su- 
perb bird photography. Excellent crew and biologists 
8/9 day expeditions December-April. Pacific Queen/ 
Fisherman's Landing, 2838 Garrison Street, San 
Diego, CA 92106 (619) 726-2228: (619) 224-4965 

KENYA, INDIVIDUALLY DESIGNED SAFARIS, 36 years 
experience. Perry Mason Safaris, Box 1643, Darien, CT 
06820 (203) 838-1345 

PERU—MACHU PICCHU—AMAZON—GALAPAGOS;: 
Tours, treks, expeditions, cruises. Free brochure. Hi- 
malayan Travel, Box 481-NH, Greenwich, CT 06836 
(800) 225-2380 

SOUTH AMERICA. Galapagos, trekking in the Andes, 
Patagonia overland, Amazon. Conventional or remote 
destinations. Come with the specialists! Call for free 
information/brochures. Terra Adventures, 70-15 Nan- 
sen St., Forest Hills, NY 11375. (718) 520-1845 

CNDAILANID 
INNDONIESIA 

Southeast Asia... Superior Group/ 

It’s All We Do! Independent Travel 

1-800-397-5917 sate cataog Call for 
FREE Catalog 

THE JUNGLES OF COSTA RICA. Take a journey back 
into time where every day is a different and exciting 
adventure. Free brochure. 1-800-trails-5 (305) 451-5344 

GALAPAGOS 
GEO First Class Yacht 

EXPEDITIONS __CTuises with 
Naturalist 
Guides. 

10 Years of 
Quality 
Natural History 
Trips Worldwide. 800 351-5041 

P.O. Box 3656-C9, Sonora, CA 95370 

aie Bio Di 

TRIBAL TRIPS. Overlanding, camping, homestays. 
Spring: Garhwal Himalayas: Land $4,950. Capers, Box 
2789, Beverly Hills 90213 

Video 

"MADAGASCAR" VIDEO TAPE. Wildlife and native 
people. Approx. one half hour. Several Lemur species. 
Great educational includes original continent forma- 
tion animation. $14.95. ‘India, Land of the Tiger’’. Wild- 
life of India original half hour video. $14.95. Both videos 

ae Films, Inc., 646 South Owl Dr., Sarasota, FL 
4236 

1906 EARTHQUAKE VIDEO AND BOOK. Send for free 
descriptive leaflet, New Quake Research, P.O. Box 
21-0250, San Francisco, CA 94121 

Wanted 

FRANKLIN MINT SETS, coin and stamp estates. Will 
pay top dollar. Send printed list with phone number to 
Stan Katz, P.O. Box 524-H, Cranford, NJ 07016, USA 
(908) 561-4697 

OLD TAPESTRIES, textiles, weavings, embroideries, 
Aubusson, Needlepoint, Oriental, European and Chi- 
nese rugs. Paisley & Kashmir Shawls. Please send 
color photos with size, condition and price to Renate 
Halpern Galleries, Inc., 325 East 79th Street, New York, 
NY 10021. Phone (212) 988-9316 

PASSENGER LISTS—Queen Elizabeth Il, July, 1969. 
Crucible Publications, P.O. Box 20111, NYC 10023. 
Phone (212) 247-3767 

RATES AND STYLE INFORMATION 

$3.40 per word; 16 word minimum. Display classified is 
$375 per inch. All advertisements must be prepaid. 
Rates are not structured for agency or cash discounts. 
All advertisements are accepted at NATURAL HISTO: 
RY's discretion. Send check/money order payable to 
NATURAL HISTORY to: The Market, NATURAL HIS- 
TORY Magazine, Central Park West at 79th St., New 
York, NY 10024. Direct any written inquiries to Eileen 
O'Keefe at the above address. Please include your 
personal address and telephone number, issue pre- 
ferred, and suggested category. Deadline—1st of the 
month, two months prior to cover date (the January 
issue closes Nov.1). Camera-ready art is required for 
display ads. A tearsheet or copy of the page with your 
ad will be sent upon publication. 



Solar Celebration 
by Gail S. Cleere 

On December 22, at 3:54 a.m., EST, the 
sun takes its lowest, southernmost path 
across the sky. It rises and sets at its far- 
thest points south of due east and west. 
The winter solstice, meaning the “sun 
stands still,” is so named because the sun 
appears to linger in this position before 
moving north again. The earth’s axis at 
the winter solstice tilts directly away from 
the sun, so that the Northern Hemisphere 
receives a minimum of sunlight. While the 
sun shines directly down on the Tropic of 
Capricorn in the Southern Hemisphere, 
the Northern Hemisphere gets only the 
weak, low-angle rays and the shortest day 
of the year. 

Rarely do people poke their heads out 
of their windows and note the sun’s posi- 
tion at sunrise or sunset and remark on its 
particular significance. But the winter sol- 
stice is different: it marks the end of the 
sun’s southward creep in the heavens, and 
the days now start to lengthen. This day 
became the basis for a number of early 
celebrations and festivities, such as the 
Yule Girth festival of the Goths and Sax- 
ons, whose custom on the winter solstice 
was to kindle great outdoor fires to urge on 
the sun. Today, Christians still celebrate 
with light at this time of year. They burn 
yule logs and decorate evergreen trees and 
windows with Christmas lights. 

The Christmas story tells of a mysteri- 
ous star in the east—a line that has con- 
founded astronomers for millennia. As- 
suming Matthew was not simply weaving 
a beautiful tale, the wise men who claimed 
to have seen this star would not have been 
simple desert nomads easily awed by the 
night sky phenomena but serious sky 
watchers—the astronomers and scholars 
of the day. Certainly, what they saw 
would not have been ordinary; it may have 
been a conjunction of bright planets, a 

nova, or a comet (as portrayed by the 
Florentine painter Giotto in his painting 
Adoration of the Magi). Of course, all this 
speculation is moot if Matthew’s story is 
considered miraculous. 

This time of year is also the middle of 
the ancient Greek Halcyon days. In Greek 
mythology, King Ceyx of Thessaly and his 
wife Halcyone were changed by the gods 
into kingfishers, birds that were thought to 
breed about the time of the winter solstice, 
building their nests upon the sea in a pe- 
riod.of extended calm and peace. 

That the winter solstice, the ancient 
Greek Halcyon days, and the Christian 
Christmas come together so neatly at this 
time of year is somehow comforting. 
Happy holidays, and enjoy the view. 

THE PLANETS IN DECEMBER 
Mercury moves around the sun at a fast 

clip; it reaches inferior conjunction (be- 
tween the earth and the sun) on the 8th 
and its greatest distance west of the sun on 
the 27th. During the latter half of the 
month, you’ll be able to spot Mercury in 
the morning twilight low in the southeast, 
left of the ruddy star Antares. 

Venus is brilliant in December at —4.2 
magnitude, rising more than three hours 
before the sun all month. At sunrise, the 

planet is some thirty degrees above the 

southeastern horizon. On the 2d, the wan- 

ing crescent moon and Venus form an 

attractive triangle with the star Spica. 

Mars slides into the constellation 

Ophiuchus, the Serpent Bearer, whose 

lowermost part reaches down into the zo- 

diac between Scorpius and Sagittarius. At 

month’s end, just before sunup, you might 

spot the planet low in the southeast be- 

neath Mercury if you have an unob- 

structed horizon. Mars and Mercury form 

a triangle with the ruddy star Antares. 
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Jupiter and Saturn are fine sights in 
December. Brilliant Jupiter, below the 
main stars of Leo, rises about midnight as 
December begins and some two hours ear- 
lier by New Year’s Eve. The next planet in 
the solar system, Saturn, is still visible 
from about two and a half to four hours 
after sunset as a lone bright “star” in the 
southwest. Both Jupiter and Saturn—the 
former with its flanking satellites and 
cloud belts and the latter with its famous 
rings—are fine sights in that newly ac- 
quired Christmas telescope. 

The Moon is new at 10:56 p.m., EST, on 
December Sth; at first quarter at 4:32 
A.M., EST, on the 14th; full at 5:23 a.m., 
EST, on the 21st; and at last quarter at 
8:55 p.m., EST, on the 27th. A partial 
eclipse takes place on the 21st; a sliver will 
be missing from the moon’s bottom edge 
as it dips into the earth’s umbra (dark 
shadow) between 5:00 and 6:06 a.m., EST. 
For about a half-hour before and after 
those times, the moon’s lower portion 
(which will appear at lower left because of 
the moon’s position in the northwest) will 
be in the earth’s penumbra (partial shad- 
ow) and will appear somewhat smudgy. 

The Geminid meteors, which could be 
the most spectacular shower of “shooting 
stars” of the year, peak on the night of 
December 13. These meteors (approxi- 
mately fifty per hour) are possibly rem- 
nants of an extinct comet, whose core is 
now the asteroid Phaethon. The shower 
will be best in the hours after midnight 
when the moon sets. 

Gail S. Cleere writes on popular astron- 
omy and is a founding member of the 
International Dark Sky Association, an 
organization dedicated to preserving the 
skies for astronomy. 
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Report from Oxford 
From the popularity of McDonald’s hamburgers 
to the pre-Turkish origins of Near Eastern food, 
this year’s international food symposium analyzed it all 

by Raymond Sokolov 

I returned to the courtyard of Saint 
Antony’s College for the 12th Oxford 
Food Symposium with the cozy feelings 
one gets from going back home. This con- 
clave of scholars, cooks, restaurateurs, 
and just fins becs, gathering under the 
banner of food history, had long provided 
me with a sense of community and fellow- 
ship, and I was looking forward to the 
renewal of friendships after a two-year 
gap. In particular, I was glad to see Alan 
Davidson, a founder of the symposium, in 
full regalia after a serious coronary epi- 
sode. This distinguished gastrotaxonomist 
of fish was at Saint Antony’s not only to 
preside over two days of lectures and dis- 
cussions revolving around the general 
topic of public eating; he was also in proud 
possession of his latest book. 

Fruit: A Connoisseur’s Guide and 
Cookbook is in the same gorgeous format 
as Davidson’s earlier Seafood, with Char- 
lotte Knox’s stunning paintings standing 
opposite Davidson’s meticulously precise 
little essays. The rigor he previously ap- 
plied to fish he now has lavished on the 
identification and chronicling of fruits, 
from the homely apple to the onomato- 
poeic chupa-chupa. 

The correct identification of foodstuffs, 
even relatively common ones, is not at alla 
simple business, given the immense vari- 
ety of things we eat and their continuing 
evolution in the hands of human produc- 
ers. In Oxford, I myself misidentified the 
main constituent of a dish at the buffet 
lunch on the first day of the symposium. 

As usual, British attendees had each 
provided what we used to call covered 
dishes back in the Midwest. Tables were 
arrayed with homemade examples of far- 
flung human culinary ingenuity, many of 
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them containing strange ingredients. So I 
did not sense anything amiss when I took a 
slice of something labeled in a Spencerian 
hand as pate de pie. 

It was delicious, and I did not hesitate 
to compliment its maker, Alice Wooledge 
Salmon, on her magpie paté. I had never 
eaten magpie before, I said. Thrush, yes— 
in 1970, in a juniper-flavored black paté 
de grives at Restaurant Troisgros in 
Roanne, France—but never magpie. 

Salmon seemed not to understand. I 
repeated myself. At this point, Alicia Rios 
from Madrid intervened, having over- 
heard us, and asked what a magpie was. 
Salmon and I described the collecting, 
hoarding habits of Pica pica, the epony- 
mous thieving magpie of Rossini’s comic 
opera La Gazza Ladra. Rios nodded and 
said that in Spanish it was called urraca, 
but that she had never eaten one. Was 
there any of the paté left? 

Nothing but the label remained. I had 
misread foie for pie, so it was only a liver 
paté after all, if a very fine one. 

I was embarrassed but took comfort 
when even Davidson found himself at a 
taxonomic loss that evening, at a dinner 
with a Scottish theme. He was unable to 
identify a marine decapod somewhat like 
a langoustine but not quite. 

“Not quite” is what a practical gastro- 
taxonomist says when he is about to spring 
into action. I am certain that Davidson is 
even now flipping pages in his shellfish 
sources, and it will not surprise me if he 
contributes a learned note on the matter, 
with animadversions on related sub- 
lobsters, in Petits Propos Culinaires, the 
periodical he edits with such flair. 

It will be a concrete, if unanticipated, 
result of this symposium’s agenda, since 

the question of the shellfish’s identity 
arose as a direct consequence of public 
dining (as did my own risible encounter 
with the “magpie” paté). For the most 
part, however, the symposium unfolded in 
a series of planned sessions in which pa- 
pers on public eating were delivered and 
discussed. 

This very broad subject takes in both 
formal dining out, at restaurants and ban- 
quets, as well as street food. The proceed- 
ings began with a brief history of the res- 
taurant in France by Paul Levy of The 
Observer, who had in fact discovered the 
actual location of the first Parisian restau- 
rant, with some of its décor intact. 

The group then split up into smaller 
working sessions and explored a bewilder- 
ing diversity of special topics. Two papers 
worked up the evidence on dining out in 
ancient Greece and Rome. Charles Perry 
produced texts about food in the souks of 
ninth-century Baghdad. This was the 
Middle East before the arrival of the 
Turks made its food like the food we know 
today from the region. Perry’s documents 
show that the principal dishes, judhabah 
and /Jauzinaj, do not resemble the shish 
kebab and baklava we would find today in 
Baghdad. Instead, judhabah was meat 
baked in a clay oven (like the tandoor of 
India) and then chopped fine, but the key 
feature of the dish was the sweet pudding 
cooked under the meat and used to catch 
its drippings. Lauzinaj, Perry showed, is 
the ancestor of Near Eastern shredded 
wheat pastries, with a filling of almond 
paste. Given the relative antiquity of the 
Near Eastern cuisine we know today, this 
re-creation of truly ancient souk food from 
before the Turks was a remarkable picture 
of a buried culture whose influence per- — 



American 
Museum of 
Natural 
History 

A place of wonder for the world. 

Big things are in store, 
Dinosaur! 

Big things are happening at today’s American Museum of Natural History and 

you can help with a tax-deductible contribution. 

A multimillion-dollar renovation of the American Museum's world-famous dinosaur 

halls is underway including state-of-the-art exhibition technology, interactive 

learning stations, and spectacular dinosaur mounts. 

Other coming attractions include a fascinating new Hall of Human Biology and 

Evolution, a major travelling exhibition on global warming, and a new building to 

house the burgeoning collections of the American Museum's renowned natural 

history library. 
The tradition of action and adventure continues with expeditions to Mongolia and 

Cuba—the first by American scientists in decades. American Museum researchers 

continue to break new ground with scientific discovery, and bring to life the art and 

customs of the world’s cultures for millions of adults and children each year. 

Big things are happening...and we need your help. Please use the attached 

envelope to send your tax-deductible contribution today. 



DOCUMENTS. OF EARTH'S LIVING MUSIC 

sol ale Ran es 
are 

» Enjoy NATURAL nti oe 
Proickuce ent including: © 
__rainforests, econ tropical 
_ islands, desert oasis, ae 
_ mountain peaks. 

A Le te apd other dtles 
available on cassette and CD in bela 
SC rel ila eb es 72 Te 

RECOMMENDED BY THE 

AMERICAN MUSEUM OF 

NATURAL History 

Peter Roberts 

A Authentic Audio and Visual 
Productions 

Experiences of Wilderness Places 

NATURAL HISTORY 
OF COSTA RICA 

February 14-28, 1992 

By on lowland jungles, 
high alti cr Wr ret 

K fate 

Discovery Tours 
Central Park West at 79th St. 

New York, NY 10024-5192 

Toll-free (800) 462-8687 

In New York (212) 769-5700 

78 NaturAv History 12/91 

™M 

EA RT HS OL UINE BS 

% 

sists from Istanbul to Delhi, like a faded 
subtext in a palimpsest. 

Similarly, the food of the Aztecs main- 
tains an occult presence in modern Mexi- 
can food. Sophie Coe analyzed accounts 
of two great banquets of the sixteenth 
century: one, a feast prepared in 1520 for 
Montezuma, the Aztec empercr, as he 
stood on the threshold of catastrophe; the 
other, an opulent celebration among the 
occupying Spanish conquerors. 

Doreen Fernandez, an emissary from 
another former Spanish colony, barely 
managed to get out of Manila, because yet 
another eruption of Mount Pinatubo 
closed the airport. She did make it on 
time, however, and discoursed on the 
amazingly diverse street food of the Phil- 
ippines, showing how such oddments as 
embryo ducks and cheese ice cream fit 
into the very relaxed and communal life of 
her country. 

Judith Kirkendall performed a parallel 
task for the street food of Hawaii’s multi- 
cultural society, introducing most sympo- 

OWNERSHIP STATEMENT 

Statement of ownership, management, and circula- 
tion (required by 39 U.S.C. 3685) of Natural 
History, published twelve times a year at the 
American Museum of Natural History, Central 
Park West at 79th Street, New York, N. Y. 10024- 
5192, for October 1, 1991. General business offices 
of the publisher are located at Central Park West at 
79th Street, New York, N. Y. 10024-5192. Pub- 
lisher, L. Thomas Kelly; editor, Alan P. Ternes, 
Central Park West at 79th Street, New York, 
N. Y. 10024-5192. Owner is the American Mu- 
seum of Natural History, Central Park West at 

79th Street, New York, N. Y. 10024-5192. Known 
bondholders, mortgagees, and other security hold- 
ers owning or holding one percent or more of total 
amount of bonds, mortgages, or other securities: 
None. The purpose, function, and non-profit status 
of this organization and the exempt status for fed- 
eral income tax purposes have not changed during 
preceding 12 months (Section 132.122, Postal Ser- 
vice Manual). The average number of copies of 
each issue during the preceding 12 months are: A. 
Total number of copies printed: 563,115. B. Paid 
circulation: 1. Sales through dealers and carriers, 
street vendors, and counter sales: 5,589. 2. Mail 

subscriptions: 533,286. C. Total paid circulation: 
538,875. D. Free distribution by mail, carrier, or 
other means: 10,749. E. Total distribution: 
549,624. F. Copies not distributed: 1. Office use, 
leftover, unaccounted, spoiled after printing: 4,030. 
2. Returns from news agents: 9,461. G. Total: 
563,115. The actual number of copies of single 
issue published nearest to filing date are: A. Total 
number of copies printed: 558,530. B. Paid circula- 
tion: 1. Sales through dealers and carriers, street 
vendors, and counter sales: 4,554. 2. Mail subscrip- 
tions: 530,919. C. Total paid circulation: 535,473. 
D. Free distribution by mail, carrier, or other 
means: 10,409. E. Total distribution: 545,882. F 
Copies not distributed: 1. Office use, leftover, un- 
accounted, spoiled after printing: 3,401. 2. Returns 
from news agents: 9,247. G. Total: 558,530. I cer- 
tify that the statements made by me above are 
correct and complete. 

L. T. Kelly, Publisher 

siasts for the first time to a concoction 
known as loco moco, which was “invented 
in 1949 by the proprietors of the Lincoln 
Grill in Hilo as an after-school snack. It 
consists of a scoop or two of steamed white 
rice topped by a grilled hamburger patty, 
then a fried egg is added and the whole 
covered with a generous dollop of thick 
meat gravy.” 

The hamburger is, of course, the public 
food par excellence and, as such, was dis- 
cussed in several papers. The worldwide 
popularity of fast food offered several oc- 
casions for genteel xenophobia and even 
an angry outburst by an American ex- 
patriate fed up, as it were, with snide re- 
marks about the cultural imperialism of 
McDonald’s. 

The popularity of American ham- 
burger chains around the world is a com- 
plicated phenomenon, with different 
causes in each culture where it happens. 
In the Soviet Union, the reason seems 
clear: McDonald’s promised consumers 
efficient, cheerful, and predictable ser- 
vice. And after reading Robert A. Leon- 
ard and Wendy J. Saliba’s paper on 
“Food, Drink and Swahili Public Space,” 
it was easy to imagine a triumph for Mc- 
Donald’s classless, gender-blind system of 
public dining in the stratified and rule- 
bound society of Kenya’s Indian Ocean 
coast. Except for little children, no one 
eats while walking in the street. Aristo- 
crats never eat in restaurants but do re- 
fresh themselves in a guarded way from 
the elevated entrance porches of their 
stone houses. An intricate code, deci- 
phered by Leonard and Saliba, controls a 
spectrum of related nuances. 

Africans, or people of African descent, 
played an important if mostly forgotten 
part in the invention of one of Philadel- 
phia’s traditional dishes, pepper pot. Wil- 
liam Woys Weaver gathered in a wealth of 
evidence to show that the soup we now 
think of as a relatively mild tripe soup 
began as a fiery street food brought from 
the West Indies by blacks. 

Philadelphia, it turns out, had a signifi- 
cant black population and an important 
regular commerce with the Caribbean 
even in colonial days; and pepper pot, once 
a diverse and thriving minicuisine built on 
this early link with West African tradi- 
tions, is a survival of that time. Weaver 
also shows that the tripe we now think of 
as essential to the soup was probably a 
substitute for the turtle meat West Indi- 
ans couldn’t find in the north. That’s why 
in cighteenth-century recipes that Weaver 
cites, the tripe in pepper pot was cooked 
with spinach to turn it turtle green. 

Such infiltrations of the apparently sov- 
ereign and imperialist AngleSeron mas- 



Alan Davidson’s Marmalade 

(Slightly adapted from Fruit: A Connoisseur’s 
Guide and Cookbook, Simon and Schuster, 1991) 

Mr. Davidson writes: 

This began life as my grandmother’s 
recipe, then became that of my parents 
(who were both marmalade-makers), and 
has been progressively simplified by me in 
an effort to minimize the time I have to 
spend on making 75 pounds annually. 
Things I have cut out are: steeping the cut 
fruit overnight; fiddling around with the 
pips in a muslin bag; preheating anything 
(sugar, jars, what have you); putting 
waxed paper discs or melted paraffin wax 
on top of the marmalade before sealing it. 

Yet I cling to cutting by hand. 
Airing my views about marmalade, and 

in particular the apparent foolishness of 
incorporating Scotch whisky in it, led to 
an interesting discovery. A scientist at 
Cambridge University wrote to point out 
that, while whisky might interfere with 
the true flavor of marmalade, anyone who 
dispenses with the interior seal would do 
well to float a teaspoon of alcohol (which 
could be brandy or vodka) on top of it 
before applying the outer seal. This will 
stop mold from forming at the interface 
between the marmalade and the small 
amount of air trapped above it. 

Seville oranges (bitter or bigarade 
oranges, sold in U. S. Hispanic mar- 
Kets as naranjas agrias) 

1 lemon 
Sugar (for amount, see below) 

| 1. Wash the oranges and the lemon. Re- 
move the little rosettes at the stem end 
and clean out any foreign matter. Chop 

ter cuisine by lustier foods and dishes from 
exotic places continue today. The interlop- 
ing foods have usually been brought to 
new places by expatriates who grew up 
eating them. But in Australia, according 
to the Sydney journalist who calls herself 
Cherry Ripe after a popular local confec- 
tion, Asian dishes and ingredients are the 
rage in mainstream restaurants. Non- 
white Asians have not immigrated to Aus- 
tralia in major numbers, and in any case 
they are not the main source of this Asian 
food vogue. “I would contend,” Ripe 
writes, “that this acceptance of Asian fla- 
vors as ‘every day’ is due in large part to 
overseas travel by the peripatetic post-war 
baby-boom generation.... Such travel 
exposed Australians to Asian foods other 
than Chinese, and developed a culinary 
literacy which was not discarded on the 
return home.” 

Before my own return home, I took a 
final stroll in the courtyard of Saint 
Antony’s and noticed a large tree laden 

the fruits (unpeeled) by hand or ma- 
chine, but not too finely. 

2. Put chopped fruit (including peel) in a 
large pan with water to cover and to 
spare (see note). Bring to a boil and 
cook, uncovered, for 20 to 30 minutes 
or until reduced by a third. 

3. Measure the result and return to heat. 
For every 575 milliliters (if your mea- 
suring cup isn’t graduated metri- 
cally—most glass ones are today— 
then figure that 244 U.S. cups is the 
closest practical equivalent), add | 
pound sugar, gradually, stirring until 
dissolved. Return to boil and continue 
cooking until a small amount of the 
mixture sets readily in a room-tem- 
perature saucer or until a candy ther- 
mometer reads 222° F. Remove from 
heat immediately and let stand for 5 to 
10 minutes. 

4. Stir, then ladle into clean jars. Fill 

them very nearly full. Insure that the 
top surface is level—no chunks of peel 
sticking up. Float a little alcohol, such 
as brandy, over the top if you wish. 

5. Seal by whatever means you prefer—I 
just use screw-top jars and screw the 
tops on tight once the marmalade has 
cooled to just warm. 

Note: As Davidson points out, the precise 
quantity of water is not crucial, since the 
final boiling of the marmalade will reduce 
the mixture to the correct balance of wa- 
ter and sugar, the sign of this being either 
a temperature reading of 222° F or the 
capacity of the mixture to set. 

with fruit, little buff spheres apparently 
splitting open at the bud end. They were 
medlars, those ancient European fruits 
now mostly forgotten because they can’t 
be eaten out of hand even when they’re 
fully ripe. Only after they’ve been left to 
soften, to blet, do they acquire the rich 
taste and soft texture I once enjoyed long 
ago from fruit off a tree in Jane Grigson’s 
Wiltshire garden. Grigson, another sym- 
posium friend, is gone now, but with her in 
mind, I pocketed four of the Saint An- 
tony’s medlars and sneaked them past 
U.S. customs. They are bletting now in 
my kitchen, and I aim to plant their seeds. 
Years from now, perhaps there will be 
descendants of that Saint Antony’s tree in 
New York State, bearing fruit that I will 
eat with friends, a link with last fall’s sym- 
posium in substance and in spirit. 

Raymond Sokolov is a writer whose spe- 
cial interests are the history and prepara- 
tion of food. 
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Veracruz and Zapotec sites of 

central Mexico. Explore 

Tenochtitlan, Teotihuacan, El 
Tajin, Xochicalco, Mitla, | 
vonte oan ere te ae 

New yok 

Toll-free (800) 462-8687 or 

(212) 769-5700 in New York 

Beeman tba 
Book Collection of 
idecmeWiselest 
AOI bamy 
Natural History 

To Order: 
Call or write— 
Members’ 
Book Program, 
mviusecebe 
OA mt) a 
Natural 
History, Central 
begV a en ext 
at 79th Street 
New York, 
NY 10024 
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An associate curator of vertebrate pa- 
leontology at the American Museum, 
Mark Norell (page 36) has seen his and 
his colleagues’ lunchtime sketches of a 
Barosaurus in action materialize into 
the monumental reconstruction now in 
the Museum’s Theodore Roosevelt Me- 
morial Hall. Norell, who earned his doc- 

torate in zoology from Yale in 1988, is a 
reptile specialist. His main interests are 
the comparative anatomy of recent and 
fossil crocodiles and the reptile fauna of 
Mongolia. To study the latter, he spent 
the last two summers on Museum expe- 
ditions to the Gobi Desert. He has also 
done fieldwork in West Africa, the Chii- 
ean Andes, and Cuba. Norell’s interest 

5 

Peter Dodson (page 30), who never 
outgrew his childhood interest in dino- 
saurs, earned his doctorate in geology 
from Yale University in 1974. Since 
then, he has taught at the University of 
Pennsylvania and is now an associate 
professor in the departments of geology 
and of animal biology at the School of 
Veterinary Medicine. He is also a re- 
search associate at the Academy of Nat- 
ural Sciences in Philadelphia. Dodson 
has done fieldwork in some of the richest 
bone beds in North America, including 
fossil sites in Wyoming, Montana, and 
southern Alberta. He is currently using 



‘n things old encompasses more than fos- 
sils—in his spare time he collects an- 
tiques. For further reading he suggests 
Bones for Barnum Brown: Adventures 
of a Dinosaur Hunter, by Roland T. 
Hird, edited by V. Theodore Schreiber 
‘Fort Worth: Texas Christian University 
Press, 1985), which gives an account of 
the excavation at Howe Quarry that pro- 
duced the juvenile Barosaurus on dis- 
play at the American Museum, and Di- 
nosaurs Past and Present, vols. | and 2, 
edited by Sylvia J. Czerkas and Everett 
©. Olson (Los Angeles: Natural History 
Museum of Los Angeles County in asso- 
ciation with University of Washington 
Press, 1987). 

computer technology to study the varied 
skull “architecture” of the horned dino- 
saurs but retains an interest in sauro- 
pods: “to understand sauropod biology is 
to understand the problems of the biol- 
ogy of size.” A resident of Philadelphia, 
Dodson, who is active in community af- 
fairs, finds that “life in a large city is not 
only possible but enjoyable.” He recom- 
mends David Norman’s The Illustrated 
Encyclopedia of Dinosaurs (New York: 
Crescent Books, 1985) and Dale Rus- 
sell’s An Odyssey in Time: The Dino- 
saurs of North America (Toronto: Uni- 
versity of Toronto Press, 1989). 
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Steven N. Austad (page 44) trains a 
Venezuelan pig in his spare time—an 
avocation he acquired after receiving a 
degree in English literature from the 
University of California, Los Angeles. 
His karate instructor had two pet lions, 
and when a movie director wanted to use 
them in a film, Austad, below, was en- 
listed to help handle the cats. From this 

ve 

start, Austad spent three years in Holly- 
wood training lions, tigers, and other 
large animals for the movie industry. 
This prompted him to return to school to 
study biology, and he earned his Ph.D. 
from Purdue University in 1981. Austad 
is now an associate professor at Harvard 

84 Natura History 12/91 

in the Department of Organismic and 
Evolutionary Biology. His interest in Eu- 
ropean nursery web spiders goes back to 
research for his Ph.D. He teamed up 
with Randy Thornhill, above, to study 
the spiders because of Thornhill’s exten- 
sive knowledge of similar nuptial gift 
giving in insects. Thornhill received his 
Ph.D. from the University of Michigan 
and has devoted most of his career to 
studying insect mating behavior. He is 
currently a professor of biology at the 
University of New Mexico and has re- 
cently traveled to Japan to pursue his in- 
terest in scorpion flies. Like Austad, 
Thornhill’s interests range from arthro- 
pods to large mammals. For further 
reading on the mating habits of spiders, 
the authors recommend Rainer Foelix’s 
book Biology of Spiders (Cambridge: 
Harvard University Press, 1982). 

David P. Maitland (page 80) ran into 
the Australian bulldog ant in 1983, when 
he started fieldwork in Australia for his 
Ph.D. “After my first painful encounter 
with such a large, formidable ant (their 
sting is worse than their bite), I had in 
mind to take a portrait along the lines of 
the one featured. But I had to wait four 
years before I found myself in the right 
place at the right time. Photographing 
them can be dangerous, as they crawl up 
your trouser leg while you’re trying to 
concentrate on a subject.” Maitland, 
pictured here with his daughter, Laura, 
is an associate professor of physiology at 
the Medical School of the University of 
Witwatersrand in South Africa. When 
he’s in the field, studying air breathing in 
crabs, he takes close-ups of insects and 
other small creatures. He photographed 
this ferocious ant using an Olympus 
OM4 camera with a 38mm lens on ex- 
tension tubes and a ring flash. 

_ James C. Halfpenny’s two great loves 
are winter ecology and tracking, which 
fortunately can be readily combined in 
the Yellowstone area, where he has spent 
the last twenty winters. A research asso- 
ciate at both the University of Colorado 
Museum and the Institute of Arctic and 
Alpine Research in Boulder, Halfpenny 
(page 50) also teaches winter ecology at 
the Teton Science School in Kelly, Wyo- 
ming. He uses his tracking skills to study 
endangered mammals during the winter. 
Much of his work has been on wolver- 
ines, lions, and Canada lynxes, in an ef- 
fort to determine their status, often in as 
yet undisturbed areas. Tracking has also 
taken him to Tanzania and the Tibetan- 
Qinghai plateau. Currently, he is doing a 
comparative tracking study of North 
America’s three species of bears. Half- 
penny is author of A Field Guide to 
Mammal Tracking in North America 
(Boulder: Johnson Books, 1987) and, to- 
gether with Roy Douglas Ozanne, of 
Winter: An Ecological Handbook 
(Boulder: Johnson Books, 1989). Other 
books about winter include the just pub- 
lished second edition of Peter Mar- 
chand’s nicely written Life in the Cold: 
An Introduction to Winter Ecology 
(Hanover: University Press of New Eng- 
land, 1991) and Donald W. Stoke’s A 

Guide to Nature in Winter (Boston: Lit- 
tle, Brown and Co., 1976). 
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